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METAL CORPORATION 





74th STREET and ASHLAND AVENUE * CHICAGO 36, ILLINOIS 





FORGINGS IN ALUMINUM © BRASS © BRONZE © COPPER © MAGNESIUM © MONEL @ ALLOYS 
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You Might Be Surprised If 
You Check on What Eye 


Accidents are Costing 
You 





Unless you have an adequate eye-protection program, even so-called 
“minor” eye accidents are probably adding substantially to your production 
costs. For it is reliably estimated that eye accidents run to $5 per shop 
worker per year. 

Ie is also estimated (by the Society for the Prevention of Blindness) that 
98 per cent of these accidents are avoidable—through the use of 
safety goggles. 

Why not let an AO Safety Representative make a complete eye-hazard 

survey of your plant? There’s no obligation. 


American & Optical 





SOUTH BRIDGE, MASSACHUSETTS 
BRANCHES IN PRINCIPAL INDUSTRIAL CITIES 





THE TECHNOLOGY REVIEW, June, 1946. Newsstand — Vol, XLVIII, No. 8. Published monthly from November to July inclusive at 10 Ferry Street, 
Concord, N. H. Publication date: twenty-seventh of the month ing date of issue. Annual subscription $3.50; Canadian and Foreign subscription $4.00. En- 
tered as second-class matter at the Post Office at Concord, N. H., under the Act of March 3, 1879. 





FOR INDUSTRY 


Carton Black 
Oil 

Natural Gas 
Natural Gasoline 
Pine Far 


Charcoal 


| Carotene 
Chlorophyl 


cig>r 








Products of the Cabot group of enterprises meet many of 
the essential needs of American industry. One of these prod- 
ucts is Pro-Vitamin A, for the fortification of foods and feed- 
stuffs. Another is Chlorophyl, a coloring agent for soaps and 
other products. Still another use for Chlorophy]l, in an entirely 
different field, is in the manufacture of air wicks# Chlorophy] 
also has very definite therapeutic values. 

For the rubber industry, Cabot is the world’s largest pro- 
ducer of SRF Carbon Black. Yet SRF Black is but one of the 
forty-one distinct grades of this important raw material pro- 
duced by the Cabot organization for the rubber, ink, paint, 
varnish and lacquer industries. 

All maintain the same high characteristics. In the manu- 
facture of Carbon Black by:the Channel process, for instance, 
Cabot established the standards by which all other Channel 
Blacks are judged. Emphasis always is on sustained high qual- 
ity in all of the diversified Cabot production schedules. 


CABOT CARBON CO. 
TEXAS ELF CARBON CO. 
GENERAL ATLAS CARBON CO. 
CABOT SHOPS, INC. 
VALLEY VITAMINS, INC. 


GODFREY L. CABOT, inc. 


77 FRANKLIN STREET - BOSTON 10, MASS. 








ABRASIVE pRODUCTS GRINDING AND LAPPING MACHINES 


: Is 
Is ranging from 9 oe Norton cylindrical grinders range from the neat, 
Grinding whee's the 72” diameter ne compact 4 x 12” Type C to the gigantic 36 x 816 
3/16 x 3/1 i? § Alundum Lae Type D and include special types for grinding 
type whee differen ks crankshafts, camshafts, rolls and car wheels. 
diamond 2 ' “ mounted Norton surface grinders are available in three 
wide variet - sizes, 6”, 10” and 12”. There are three Norton 
and segments; 200 Tool and Cutter Grinders and the Norton Bura- 
wheels In nearly way. Lapping Machines range from the small 
grain for polishing. 10-U to the large Hyprolap® for flat and cylin- 
drical work, and include special machines for 
crankshafts and camshafts. 


mental 


NORBIDE * 


“The hardest material made by man for com- 
mercial use”— that is NORBIDE, the trade name 
for Norton Boron Carbide. It is serving industry 
in three forms: (1) Norbide Abrasive for grind- 
ing and lapping carbide tools, and for lapidary nem" ingenuity 
work; (2) Norbide Molded Shapes for pressure Bet cnsenon dustry @ . 
blast nozzles and for plug, ring and other types pe - 

of gages; (3) Norbide Metallurgical Compound 

for improving the hardness and cutting ability 

of tool steels and as a deoxidizing agent. 


POROUS MEDIUMS 
Norton Porous Mediums 
variety of shapes and rates of permeability for 
the aeration, filtration and diffusion of liquids 
solids and gases. Important uses are in activated 
sludge sewage disposal plants, for municipal 


— filtration plants and in many commercial 
ae iltration and aeration Processes. 


are made in a wide 


REFRACTORIES 


The terrific heat of the electric furnaces. which 
produce Alundum and Crystolon abrasives also 
gives these materials valuable refractory proper- 
ties — properties which are made use of in a 
complete line of Norton refractory grain, cements, 
bricks, plates, tiles and other shapes for metal 
melting and heat treating, for enameling 
furnaces, ceramic kilns, boiler furnaces, gas 
generators; also refractory laboratory ware for 
ignition, incineration and filtration. 
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SVSW DIALS 


Wartime requirements for accurate smooth-working 
dials resulted in the design of these two new models. 
Both make use of the time-tested “Velvet Vernier” 
drive unit which for more than twenty years has been 


a favorite because of its incomparably smooth action 


inches in diameter and is available with 2, 3, 4, 5 or 


6 scale. The four-inch Type AD Dial is made with 


2, 3, 4 or 5 scale. DIAL SCALES 
‘a Direction of Condenser 
Both are handsome Scale | Divisions | Rotation | SSeS of dal reading 
2 2 | 0-100 | 180° | Counter Clockwise 
in appearance and i | 1500 | ave | Gicctwie 
5 200.0 360° | Clockwise ‘ 
moderate in cost 6 | 0-150 | 270° | Counter Clockwise 




















sensitive control. The Type AM Dial is three 


























EO ne. MALDEN, MASS. US.A. 












HAYNES STELLITE 


Makes Dies Last Longer © : 
and Saves Refitting Time 
















This crankshaft trimming die is hard- sive wear even on hot work. Mainte- 
faced at points of wear with HAYNES nance costs are reduced —as dies have to 
STELLITE, It trimmed from 150,000 to be changed less frequently, and, also, 
155,000 pieces before it was returned you can refit a hard faced die in less 
to the die shop for touching up. Before time than is required for refitting a 
the practice of hard-facing these trim- plain steel die. 


ming dies was adopted, they produced For further information on savings 
less than 500 pieces before it was neces- that can be made by hard-facing with 
sary to refit them. HAYNES alloys, write for the 100-page 


HAYNES STELLITE increases the life of book, ‘‘Hard-Facing With Haynes 
all types of dies because it resists abra- Stellite Products.”’ 


HAYNES STELLITE COMPANY 


Unit of Union Carbide and Carbon Corporation 


UCC 
General Offices and Works, Kokomo, Indiana 
Chicago—Cleveland— Detroit—H Los Angel 
New York—San Francisco—Tulsa 


“a a 
TRADE-MARK > O44 MO 











The registered trade-marks ‘“‘Haynes” and “‘Haynes Stellite’’ 
distinguish products of Haynes Stellite Company. 
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PENFLEX FLEXIBLE METALLIC INTERLOCKED 
GALVANIZED STEEL HOSE, BRONZE 


STEAM HOSE...... 


PENFLEX— Four-wall Interlocked gives you high resistance 
to wear, absorption and fire. It is vibration-absorbing . . . 
severe pulsations of pressure and frequent flexure do not 
affect its useful life. Four-wall Interlocked construction pro- 
vides a combination of great strength and flexibility, yet the 
metal itself does not bend ... the hose remains tight. Full 


flow area is always maintained; this hose cannot collapse. 


AVAILABILITY — penriex GALVANIZED STEEL HOSE — for oil, 
grease, hot tar, paint, gas, air or any other free-flowing 
material or liquid. Fire-resistant. Has inherent electro-static 
protection. Is easy to handle. Resists vibration and high 


temperatures. Is strong and flexible. 


PENFLEX BRONZE HOS& — for water or steam, and for many types 
of application on processing equipment. Has all of the advan- 


tages of galvanized steel and is resistant to corrosive action. 


NOTE: Also available in various alloys. 





ALL-METAL SAFETY with FLEXIBILITY for 
your TANKS, VATS, PROCESSING EQUIP- 


MENT ana PIPE SYSTEMS 





THREE BASIC TYPES—stanparp FouR-WALL INTERLOCKED 


—for heavy duty service. Interlocked construction provides 
maximum strength with simple construction. 

TYPE 'HR HIGH RIDGE—-medium duty hose. High ridge joint 
affords greater relative motion between corrugations than 
dees the Standard Four-wall Interlocked. 

TYPE FP LIGHTWEIGHT — most flexible hose. An extremely flex- 
ible construction with lubricated packed joints. 

All of the three types can be reinforced by the addition of 


braiding and armor. 


PENFLEX COUPLINGS—Available in two types 


SOLDERED-ON TYPES for use at temperatures to 250 degrees 
Fahrenheit and HEAT-PROOF TYPES for temperatures above 
250 degrees Fahrenheit. 


Both types can be supplied in brass or malleable iron . . 


plain or reinforced. 


For engineering data on PENFLEX GALVANIZED STEEL, BRONZE HOSE and COUPLINGS—write for Bulletin 52-9. 





PENFLEX SALES COMPANY 


DIVISION OF THE 





PENNSYLVANIA FLEXIBLE METALLIC TUBING CO. 


Established 1902 








7215 POWERS LANE 


PHILADELPHIA 42, PA. 





TK eect Deve REDUCES YOUR LABOR COSTS! 


Sharply advancing labor costs can be offset to 
a great extent by specifying direct-connected 
ventilating and heating apparatus! There is no 
time-wasting alignment necessary . . . no belts or 
pulleys to increase labor on the job . . . no special 
motor bases to require extra work .. . no belt or 
chain guards to buy and install...no extras 
_ to knock down profits! 

And, in addition, you give each job the best 
possible equipment—you save space, you have 
permanent alignment (no rapidly wearing parts), 


Direct-Drive 
Centrifugal Fans 


Direct-Drive 


Self-Cooled Motor Propeller Fans 





you avoid shutdowns for replacements or servic- 
ing of parts, you eliminate power-wasting friction 
and noise, and your equipment delivers its full 
rated capacity! 

Get latest data on ILG complete lines of heat- 
ing and ventilating equipment from nearby 
Branch Office (consult classified directory) or 
write us today. 
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FLUCTUATION of line voltage need not impair the 
performance of your electrical equipment. Such vari- 
ations are easily corrected with magnetic-type, en- 
tirely automatic Raytheon Voltage Stabilizers. 
Positive control is gained. Power supply is stabi- 
lized to +2%. Reliability and accuracy of perform- 
ance are effectively improved, and at low cost. 
Investigate. Determine how positive control of 
line voltage can benefit your equipment. Our Bulletin 
DL-48-537 gives the detailed story. Write for it today. 


POSITIVE “I 


S7abzErS 


DELIVER OUTPUT VOLTAGE CONSTANT TO + %% 





Fe fm - 


Cs 







CASED MODEL 





Get These Principal 
Operating Advantages: 

e Control of output voltage to 
within +%2% of 115 or 230 V. 

e Stabilization at any load with- 
in rated capacities. 

e Quick response. Stabilizes . 
varying input voltage within 
1/20 second. 

e Entirely automatic. No adjust- 
ments. No moving parts. No 
maintenance. 





RAYTHEON MANUFACTURING COMPANY 
Industrial Electronics Division, Waltham 54, Mass. 








Excellence tn Elechontes 








REFRIGERATOR BREAKER STRIP SECTIONS 


co. ia. a 


andee 





—~ he refrigerator breaker strip sections shown above 





illustrate another milestone in Sandee’s develop- 





ment of sound industrial applications for plastics. 





Sandee, in close couperation with several leading re- 





frigerator manufacturers, has developed a number of 
better custom extruded snap-on breaker strips. Among 
other superior advantages they 1. greatly decrease as- 
sembly time, 2. eliminate unsightly screws, and 3. pro- 
vide a pleasing contqur to blend into general cabinet 
design. Available in white or appealing, contrasting, 


pastel tones. 


Again, i b 

THE ACCEPTED MATERIAL FOR BREAKER STRIPS gain, our technical personnel can offer you the benefits 
Plastics have long been the accepted material for 
breaker strips. Modern trends, however, demand 
better functioning and better looking sections applications. 


of successful experience in the development of individual] 


refrigerator parts as well as for other sound industrial 


£8 © 2 5.8 oye T § ee PS 60 28 Pe Cae eee § 


i> Manufacturing Company 


3945 NORTH WESTERN AVENUE - CHICAGO 18, ILLINOIS 
ee Tevot oo CRASS YICS. Ane SPECtae (60 i250 












IMPROVE PRODUCTION 
ON SMALL PARTS MILLING 


Adaptable to a wide variety 
of work-holding fixtures, the 
No. 000 enables manufac- 
turers to cut milling costs. 
View below shows a set-up 
for milling flutes in 4 taps 
simultaneously. 
BROWN & SHARPE MFG. CO. 
Providence 1, R. I. 





























No. 000 
PLAIN 
MILLING 

MACHINE 

- Details on 

request. 


(BS 














































Reg. U. S. Pat. Off. 


Samson Cordage Works 


Boston 10, Mass. 


Manufacturers of braided cords of all kinds, in- 
cluding sash cord, clothes line, trolley cord, 
signal cord, shade cord, Venetian blind cord, 
awning line, etc., also polished cotton twines 


and specialties. 


SPOT CORD 


Reg. U. S. Pat. Off. 





Our extra quality sash cord,’ distinguished at a 
glance by our trade-mark, the colored spots. Es- 
paety well known as the most durable material 
hanging windows, for which use it has been 
specifi 


by architects for more than half a 


century. 














THE TABULAR VIEW 





Airport Design, assuming increasing importance as air 
travel becomes more commonplace, has suffered from 
inadequate planning to meet the needs of a rapidly ex- 
panding air transportation system. A study of current 
problems in airport design is given (page 481) by A. J. 
Bong, ’24, Associate Professor of Highway Engineering. 
After receiving his bachelor’s degree and serving as as- 
sistant and instructor in the Department of Civil and 
Sanitary Engineering at the Institute, Professor Bone 
engaged in the design of roads and utilities for large land 
development projects. He returned to the Institute in 
1933 as instructor in civil engineering. In 1936 he re- 
cetved the master’s degree and was advanced to assistant 
professor of highway engineering. In 1945 he was pro- 
moted to associate professor. . . . @ Recognizing the 
growing importance of air transportation, Professor 
Bone expanded instruction in transportation engineering 
to include airport design and construction and developed 
new courses in airport design. His principal interests are 
highway economics, traffic engineering, and air trans- 
portation. He initiated the First New England Traffic 
Engineering Conference, held at M.I.T. in 1941 in 
co-operation with the Massachusetts Department of 
Public Works. The success of this meeting led to a second 
conference in 1944, and this June, M.I.T. will be host to 
the third conference. . . . @ Professor Bone was a 
member of the M.I.T. committee, appointed in 1941, to 
study the development of Boston’s airport. For the past 
three years he has been engaged in a comprehensive 
study of all phases of air transportation. His profes- 
sional papers deal with such topics as highway accidents, 
highway design, traffic delays, and highway economics. 


Discriminating Particles and Working Bubbles work 
harmoniously in flotation processes to achieve separation 
of mineral! crudes. In early attempts at flotation, exten- 
sive use was made of oil as the flotation agent, but A. M. 
Gavupin, Richards Professor of Mineral Dressing at 
M.IL.T., records (page 491) progress in which air and 
other gases have replaced oil. . . . (| Professor Gaudin 
comes from a distinguished French family. For many 
years his paternal grandfather, Marc-Antoine C. Gaudin, 
was secretary of the Academy of Sciences in Paris; his 
father was a civil engineer and general manager of a 
French owned railroad in Turkey. . . . @ In 1917 Pro- 
fessor Gaudin completed requirements for his bachelor’s 
degree from the University of Paris and in the same year 
entered Columbia University, from which he received the 
degree of engineer of mines in 1921. In 1918 he enlisted 
in the United States Army and served until shortly after 
the armistice was signed. In 1924 he was invited to be- 
come lecturer in mining at Columbia University, where 
he remained until 1926, when he accepted appointment 
as associate professor of metallurgical research at the 
University of Utah. Three years later he was appointed 
to the staff of the Montana School of Mines, where he 
remained 10 years. In 1939 he came to M.I.T. as Rich- 
ards professor of mineral dressing. . . . @ Professor 
Gaudin completed his reference book, Flotation, in 1982. 

(Concluded on page 470) 













Molybdenum in steel is an answer to impact 
requirements-hardenability is improved 
and temper brittleness practically eliminated. 


CEL I 


Say 


MOLYBDIC OXIDE—BRIQUETTED GR CANNED @ FERROMOLYBDENUM © “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


“=: OL. 





BRYANT SERIES 112 


CAM 


* SETUP TIME ON TOOL ROOM WORK 


Holding fixture changes in less than 2 minutes? ... You can on. the 
Bryant Series 112 Hydraulic Internal Grinder. This modern tool room 
grinder is equipped with an American Standard Spindle Nose with the 
quick-change cam lock feature. This means that (a) Accurate centering 
is provided by the tapered pilot on the spindle nose fitting into a 
tapered recess in the back of the chuck, (b) Squareness of mounting 
is obtained by the ground face in the back of the chuck registering 
against the ground face of the spindle nose, (c) The chuck is held 
rigidly in position by the locking cams in the spindle nose which engage 
the cam locking studs in the back of the chuck, and (d) The cam lock 
feature also provides a quick means of mounting and unmounting the 
chuck. A clockwise, one-quarter turn of the wrench on each locking 
cam is sufficient to lock the chuck securely. 

You will find important tool room features like this at every point of 
the Bryant Series 112 machines. It all adds up to less down time, more 
accurate work, finer work finish and fast production. 

For complete details — Send for the Man from Bryant. 


LOCK 


FOR INTERNAL GRINDING 


Write for big new catalog which describes this machine in detail} 


BRYANT CHUCKING GRINDER CO. 
SPRINGFIELD, VERMONT, U. S.A. 
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WHS SPEED REDUCER 


AT WORK! 





I V4 


Fa 


(At Right) 
NEW CAMPION CONVECTION = 
COOLER APPLIED TO CON- 

TROLLED ATMOSPHERE 

FURNACE 


A stock model 6DB WHS Worm Gear Speed Reducer, ratio 1500 to 1, 
is a standard component of the conveyor drive of the new Campion 
Electrically Heated Controlled Atmosphere Furnace. This furnace 
can be used for (1) brazing and (2) bright annealing. 


Campion's reliance on WHS Speed Reducers is further recognition 
of the unvarying DEPENDABILITY of these units. Dependability... 
extreme durability .. . and economy are WHS qualities that have 
led to their adoption in well over 100 important industries. They 
are made by the manufacturers of “the First Reducers in America 
to be Shipped from Stock”. 


Have you a copy of our pocket-size 
Catalog covering the entire WHS line 


and including a valuable engineer- 1901-1946 — 45th ANNIVERSARY 
ing section? Ask for Catalog No. 145. 


Cutter P. Davis, M. I. T. "19, President 


WINFIELD H. SMITH, Inc. 


a TREET...SPRINGVILLE.. ERI NTY..NEW YORK 
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**WORLD’S GREATEST TOOLMAKERS” THE TABULAR VIEW 
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STARRETT HACKSAW AND BAND SAW Senta Pon He HO 







































To Insure Greater This volume, now going into its second edition, is a 
Uniformity and standard work in English and has been translated into 
° ° other languages. He is also author of Principles of Min- 
Superior Cutting eral Dressing and numerous technical articles. He is a 


Performance member’of the American Institute of Mining Engineers, 





The precision gaging tests the American Chemical Society, the Mining and Metal- 

shown at the left (checking lurgical Society, the Academy of Political Sciences, and 

tooth set and spot testing the New York Academy 

for uniform hardness) are 3 c . 

only two of many between 

par yr ner of the steel we High Road to Brooklyn is not only the best known of 

suiiiniier de the teudlier ; present-day suspension bridges, but has served as the 

Starrett red boxes. Once prototype for many suspension bridges built during the 

you select the right blade past six decades. Last month Review readers were ac- 

or saw for your jobs from . . ‘ “ ~ ae 

che complete Starrett line, quainted with the social and engineering conditions con- 

you know that you can ex- fronting the builders of the Brooklyn Bridge in the 1870's 

coded he Aes and 1880's. In the concluding part of this historical and 

with each re-order. Be sure engineering article (page 487), E. H. Cameron, °13, 

to yen 4 Starrett hacksaws discusses the pioneering engineering efforts of John 

ee Roebling and his loyal assistants. . . . @ It is interest- 
THE L. $. STARRETT CO., ATHOL, MASS., U. S. A. ing to recall that the safety measures and the method of 

WORLD'S GREATEST TOOLMAKERS cable construction in use during the construction of the 


Brooklyn Bridge are fundamentally those employed at 
the present time. To lend proper perspective, features of 
the Brooklyn Bridge are compared with corresponding 
data for the George Washington Bridge across the Hud- 
son. The two-part survey of the Brooklyn Bridge, pub- 
lished in The Review, is a condensation of a much longer 
manuscript prepared by Mr. Cameron in pursuit of his 
hobby of unearthing historical data of well-known engi- 








neering structures. . . . @ Since his graduation from the 

. Institute, Mr. Cameron has had extensive engineering 
experience in the design, construction, and engineering 

B ATH supervision of projects in New England, the Middle 
West, and the South as engineer for Jackson and More- 


land. During the war Mr. Cameron organized the tech- 
IRON WORKS nical publications staff of Jackson and Moreland, which 


he continues to head. 
CORPORATION 





Shipbuilders and 


Engineers 





Allied Products Co., Inc. 


Speed can be had with quality — it’s 
e all in knowing how. We’ve been doing 
it for 29 years on all types of indus- 
trial projects. Our buildings stand 
inspection. 


BATH, MAINE W. J. BARNEY CORPORATION 
101 PARK AVENUE, NEW YORK 

INDUSTRIAL CONSTRUCTION 

Alfred T. Glassett, '20, Vice President 
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LEADERSHIP 


This will interest you if your work involves small accurate 
parts. In tooling and equipping our Model 65 Six Spindle 
Automatic Chucking Machines for the requirements of the 
Moeller Instrument Company, Richmond Hill, New York, pro- 
vision wes made for handling a variety of sizes of similar 
parts in various metals including steel, nickel copper alloy, 
and naval brass forgings. - 

The piece illustrated is a 3%” long tapered steel part, %” 
diameter on the large end, calling for drilling to a depth 
of 3%”. It is held by specially designed collets, each with an 
extra long bearing, for drilling a deep hole leaving a thin 
wall. Six operations are performed at a gross production 
rate of 187 pieces per hour. Not a dramatically difficult 
assignment but a good illustration of the adaptability of 
New Britains to a wide range of applications . . . and an- 
other instance of high production at low cost per piece. 

Many do not realize the wide range of practical applica- 
tions for multiple spindle automatic screw and chucking 
machines. Our sales engineers do, and offer you a compe- 


tent engineering service you may profit by investigating. 


BASED ON ACCOMPLISHED FACTS 
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FRONT VIEW — New Britains are built to allow easy accessi- 


bility for simplified chucking, cutting tool and attachment setup. 





REAR VIEW — New B&ritain construction provides extra large 
chip space...lots of room from all sides giving excellent 
visibility and easy tool adjustment. 


THE NEW BRITAIN MACHINE COMPANY 
NEW BRITAIN, CONNECTICUT 


New Britain-Gridley Machine Division 





Q: How can we 


make this new product 
without adding 
to our plant ? 




















No matter what your product, or what phase of 
production is slowing you up, you can get, here — 
in the Taft-Peirce Contract Manufacturing Division 
— the latitude, the elbow-room, the .men, the 
machines, and the speed you need. And that goes for 
anything from a single tool or part, to complete 
mechanisms, or machines. No job 1s too large, too 


small, too fussy, too easy, or too far afield. 





A: TAKE IT TO 
TAFT-PEIRCE 


For Taft-Peirce Contract Engineers are experienced 
in almost every field of industry. 

You may see this for yourself, within 20 minutes 
reading time, by sending for the illustrated bro- 
chure: “*Take It To Taft-Peirce.’ 


men and machines at your service here. For your 


It shows the 


copy, address. The Taft-Peirce Manufacturing 
Cémpany, Woonsocket, Rhode Island. 


-»-for engineering, tooling, contract manufacturing: 


TAKE IT TO TAFT-PEIRCE 


























A MATCHED TEAM PULLS TOGETHER, 
moves the load easily, keeps going 
steadily for long periods without tir- 
ing—in every way equal to its task. 


THEY PAY THEIR WAY because they are built to 
take the toughest assignments and stand up 
under heavy service. You'll find many such 
hidden values behind the American Bosch 
trademark on all types of automotive electrical 
equipment. 





AMERICAN BOSCH MAGNETOS GIVE 
MATCHED-TEAM PERFORMANCE. All com- 
ponents have scientifically-balanced re- 
lationships, to deliver full power output 


without overloading of any part. | 
i 


AMERICAN BOSCH CORPORATION, SPRINGFIELD 7, MASS. 


- AMERICAN BOSCH 
 Superlowered Wlagnetod 





For more than 30 years, it has been true... 


ANOTHER REASON FOR GOODJYYEAR LEADERSHIP 


Yes, it’s true today, as it has been 
for more than thirty years, more peo- 
ple—the world over—ride on Good- 
year Tires than on any other kind. 

Such preference can be built only 
on performance. The story of Good- 
year world leadership is told in the 
record of service that Goodyear Tires 
have delivered—year after year—on 
all kinds of roads, in all kinds of 
weather, under all kinds of conditions. 

Behind this performance are many 
exclusive Goodyear achievements— 
for example, the first straight-side 
tire, the famous All-Weather Tread, 


Supertwist Cord, the multiple-ply 
cord tire, the first pneumatic cord 
truck tire, the first practical airplane 
tire and the LifeGuard Safety Tube. 

And now, as soon as’ possible, an- 
other historic Goodyear “first” —the 
rayon cord passenger tire—will be 
ready for your car . . . to open a 
new era of tire performance with 
such mileage, economy and comfort 
as car owners have never before 
known. For every Goodyear prod- 
uct must be better today than it 
was yesterday, better tomorrow than 
it is today. 


A pioneer in rubber and the world’s 
leading builder of tires, Goodyear also 
has broad experience in many other 
fields — metals, fabrics, plastics, chem- 
Ce + 6" 
products that will serve you better. 


constantly developing new 


SS 
GOOD,*YEAR 


THE GREATEST NAME IN RUBBER 
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TECHNOLOGY 
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TITLE REGISTERED U. S&S. PATENT OFFICE 


EDITED 
AT THE MASSACHUSETTS INSTITUTE OF, TECHNOLOGY 





U. 8. Bureau of Reclamation 
Construction at Coulee Dam 
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Published monthly from November to July in- 
clusive on the twenty-seventh of the month 
preceding the date of issue, at 50 cents a copy. 
Annual subscription, $3.50; Canadian and for- 
eign subscription, $4.00. Published for the 
Alumni Association of the M.I.T.: A. Warren 
Norton, President; Alfred T. Glassett, Alf K. 
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The Trend of Affairs 7 


More Light 


NEW type of electric lamp, producing a dazzling 
A light, one-sixteenth as bright as that of the sun, is 
one of the results of war research which hold prom- 
ise for many peacetime applications. Like fluorescent 
tubular lamps and other new light sources, the lamp — 
a concentrated arc — must be used in suitably designed 
circuits and cannot be interchanged with present-day 
lamps. Recently described by W. D. Buckingham and 
C. R. Deibert of the Western Union Telegraph Company 
in a paper presented before the Optical Society of Amer- 
ica, the lamp has a number of interesting characteristics 
which make it well adapted for certain technical uses. 

Basically, the light is an are lamp provided with per- 
manent electrodes sealed into a glass bulb whicti is filled 
with an inert gas at atmospheric pressure. Light is pro- 
duced at an incandescent spot which forms on a specially 
prepared zirconium oxide cathode. The oxide surface is 
raised to its melting point by bombardment of ions. A 
brilliant white light is emitted by this molten surface and 
by the zirconium vapor and inert gas within the tube. 
Radiation is produced in the ultraviolet, visible, and 
infrared regions of the spectrum. 

The luminous circular spot is about 0.003 inch in diam- 
eter for the two-watt lamp and about 0.06 inch in diame- 
ter for the 100-watt lamp, but the spot size varies with 
the current through the lamp. The concentrated are thus 
provides a closer approach to a point source than do other 
forms of commercially available illuminants and makes 
them especially suitable for narrow-beam and high-in- 
tensity projection and illumination applications. 

Concentrated are lamps operate on direct current and 
are started with a high voltage that breaks down the gas 
in the lamp, The alternating current type is frequently 
started without the use of high voltages by the aid of an 
auxiliary tungsten filament, which is built into the lamps 
to furnish the initial ionization required to establish the 


are, 


(477) 


At present, an anticipated use for the new light source 
is as an illuminant for microscopes. For photographic 
printing and enlarging the white spectrum is particularly 
useful in color photography. As a high-intensity source of 
ultraviolet radiation, the lamp may also have extensive 
application in the medical field. In large sizes the lamps 
are suitable for use in home and theater motion-picture 
projectors. 


Synthetic Aim 


HE intensive development of training devices proved 
to be one of the most interesting educational features 
of the war and one of the most promising peacetime edu- 
cational aids. It was conclusively proved in many in- 
stances that manual capacity and operational ability 
could be advanced rapidly and efficiently by means of 
devices simulating actual field conditions. In its capability 
for developing proficiency under field conditions, the 
training device proved superior, in some cases, to practice 
on the instrument it was designed to simulate. In general, 
this superiority was the outcome of the ability to control 
training conditions and to tabulate and analyze results. 
In antiaircraft tracer fire from small caliber guns under 
field conditions, for instance, the gunner does not know 
whether or not he is scoring hits until enough hits have 
been made to bring down his target. In practice work for 
this kind of gunnery, the gunner fires at a sleeve towed 
by an airplane. Neither he nor his instructor knows when, 
if ever, his aim is accurate. The only information ob- 
tainable is the number of holes in the sleeve after the 
airplane lands. Such information fails completely to tell — 
the gunner when his aim is right and when wrong, but a 
training device actually. simulating field conditions can 
be designed to indicate instantly when the gunner’s aim 
is correct. 
A tremendous impetus was given to all such devices by 
our woeful lack of many important weapons at the start 
of the war. Ammunition could not be spared for practice, 








and consequently some substitute had to be found for 
training men without the waste and uncertainty of field 
practice. The experience obtained under war pressure 
established the great value of training devices as first-rate 
educational tools. 

One of the most interesting, and certainly the most 
spectacular, of such devices was the Mark I machine-gun 
trainer developed by the Polaroid Corporation for the 
‘Navy. With one exception this device simulated com- 
pletely the conditions of antiaircraft machine-gun fire; 
only the smell of gunpowder was lacking. The device con- 
sisted of an elaborate mechanism for projecting three- 
dimensional motion pictures of attack flights on a screen 20 
feet wide and means for firing spots of light at a target 
with a firing angle of about 50 degrees. 

The gun of the trainer sounded like a real gun, kicked 
like one, and “fired” spots of light on the screen which, 
when viewed stereoscopically, simulated actual tracer 
bullets that appeared to follow the normal trajectory of a 
real gun. The entire illusion, so far as the gunner was 
concerned, was exactly like field conditions, with the 
additional important feature that hits and misses were 
numerically recorded. Furthermore, a sound signal was 
given each time a bullet leaving the gun was destined to 
hit the target. Thus the gunner knew when his lead was 
correct. 

A common experience with this device was that, after 
their first real combat, gunners would again and again 
apply for further practice on the trainer, insisting that 
it was superior to actual combat fire as a training device. 
The rate of hits on the device went up very. rapidly with 
practice. 
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In all parts of the country many of these trainers were 
in continual operation at least eight hours a day and in 
some cases as many as 16. 

Since the machine fired 720 shots a minute, each spot 
of light serving to replace an 8-cent bullet, the saving in 
ammunition was enormous. It has been estimated that all 
the Mark I trainers fired an equivalent of at least $2,- 
000,000 worth of ammunition a week. The technical 
problems involved in the design of such a super gadget 
were fascinating and unorthodox, taxing the ingenuity of 
many expert gadgeteers. 

Unquestionably, many of these devices can be con- 
verted to peacetime classroom uses. Furthermore, they 
have established the value of and pointed the way 
toward the development of many similar devices for 
peacetime training pursuits. 


Electrons Aplenty 


INCE the heart of any electronic device is an electron 
tube, the operation of which depends upon the be- 
havior of free electrons, it follows that the ultimate source 
of electrons— the electron-emitting cathode of such 
tubes — occupies a strategic place in modern communi- 
cations and industrial electronics. Pre-war techniques in 
the use of tubes made use of a constant stream of elec- 
trons, “boiled off” from a heated filament or a metallic 
surface heated electrically to incandescence. Instead of 
a constant stream of electrons, the development of radar 
and other pulsed techniques during the war required 
intermittent bursts of electrons of a few microseconds 
duration, repeated at rates of about a thousand times a 














second. Not only was the duty cycle completely changed, 
but the peak demand was many times that required for 
pre-war electron tubes. Thus, the rigorous demands of 
wartime developments necessitated improved types of 
electron-emitting cathodes. 

For many years one of the most popular types of cath- 
odes for small tubes has been a filament or metallic tube 
of nickel, platinum, or other high-melting metal, coated 
with barium and strontium carbonates. When properly 
processed and heated to dull red heat, the carbonates 
break down to oxides, and the coated cathodes are then 
capable of producing a plentiful supply of the much- 
needed free electrons. It was discovered that the oxide- 
coated cathodes had a plentiful reserve power, so that 
instead of providing current densities of only a few mil- 
liamperes per square centimeter under continuous opera- 
tion, current densities of several amperes per square 
centimeter could be obtained in the required intermittent 
bursts. This reserve property has allowed the develop- 
ment of new tubes for radar purposes which are capable 
of producing a million watts of power in short pulses, with 
a tube of such size as can be easily held in one hand. Al- 
though the peak power is tremendously high, by pre-war 
standards, the average electron emission is not greatly 
increased, for the tube is called upon to supply electrons 
for only a small fraction of the time. 

One group at the Radiation Laboratory devoted full 
attention to problems of research and design of cathodes 
for tubes for wartime pulsed technique applications. In 
carefully prepared tubes, electron emission of as much 
as 125 amperes per square centimeter of cathode area 
was obtained for pulsed operation. To satisfy the needs 
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for tubes designed for high-power continuous operation, 
as in radar jamming, cathodes were developed in which 
13 amperes per square centimeter of cathode could be 
obtained in the laboratory. This figure compares with 
0.5 to 2.5 amperes per square centimeter customarily 
used for the design of pre-war tubes for broadcast and 
similar services. 

Incorporated in the research program of this group, 
and soon to be reported in greater detail by Albert Eisen- 
stein and Abraham Fineman, ’38, were x-ray diffraction 
and electrical conductivity investigations of the oxide 
cathode. The x-ray diffraction work, carried out in the 
Institute’s Department of Physics, was directed toward 
establishing possible correlation between the physical 
and chemical structure of the cathode and its electron- 
emitting properties. Special beryllium-windowed high- 
vacuum tubes were constructed to permit x-ray diffrac- 
tion patterns of the cathode to be taken in vacuum. A 
series of patterns taken at different. periods of time 
allowed a study of the forming and activation of the 
cathode — when the carbonates break down to oxides — 
as well as the alterations during extended periods of life. 
These studies are of particular importance since the cause 
for the relatively large emission of oxide-coated cathodes 
has not been completely understood; certainly their 
manufacture has proceeded on an empirical rather than 
on a scientific basis. 

Measurements of the conductivity of the cathode with 
respect to the flow of pulsed currents were made by means 
of probes imbedded in the oxide coating. These measure- 
ments, plus the evidence of x-ray diffraction patterns, 
indicated the existence of a high-resistance interface 
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region between the cathode base metal and the oxide 
coating. Further studies of oxide-coated cathodes are in 
progress at the Institute’s Research Laboratory of Elec- 
tronics. 


Antimetabolites 


OME years ago the Popeye school of nutritional 
thought was discredited by discovery of the fact that 
calcium in spinach is not available nutritionally because 
oxalic acid present in the spinach fixes that vegetable’s 
calcium as unassimilable oxalates. Parallel research later 
showed that much of the iron in whole wheat is similarly 
inactivated in the form of unassimilable phytates by 
phytic acid present in the wheat grain, so that enriched 
white bread, fortified with inorganic iron salts of proven 
assimilability, is a far better source of available food iron 
than is whole-wheat bread of the same total iron content. 
Oxalic acid and phytic acid render unavailable the cal- 
cium of spinach and the iron of whole wheat, respectively, 
by simple formation of unassimilable salts. But actual 
destruction of labile nutritive factors, such as vitamins, 
may result from the presence in foods of enzymes antag- 
onistic to these unstable factors. For example, a recent 
study has shown that clams contain a potent thiaminase, 
an enzyme capable of breaking down thiamine, vitamin 
B,. This thiaminase is itself subject to destruction by 
heat, so that cooked clams have little antithiamine ac- 
tivity. But clams are often eaten raw; the prefacing of a 
meal with a clam cocktail may therefore result in destruc- 
tion of a significant proportion of the thiamine in other 
foods composing the meal. 

A third, still more complex, relationship tending to re- 
duce nutritive value of foods below levels shown by lab- 
oratory analysis involves substances which have been 
termed “antimetabolites.” Antimetabolites enter into 
metabolism along with the food factor they antagonize 
and, without actually destroying the factor, effectively 
block its beneficial effect. In general, antimetabolites 
closely resemble in chemical structure the food factors 
they block; because of this chemical similarity, anti- 
metabolites can displace from metabolism their cor- 
responding beneficial food factors. Then, since anti- 
metabolites lack nutritive value, they are capable of 
producing nutritional deficiency, regardless of how 
abundant in the diet is the particular factor they antag- 
onize. Antimetabolites effective against vitamins and 
against amino acids (the nutritive components of pro- 
teins) have been recognized. * 

Pyrithiamine, the pyridine analogue of thiamine, is an 
antimetabolite effective against thiamine. Another sub- 
stance antagonistic to this vitamin is the 2-n-butyl- 
pyrimidine homologue of thiamine; this compound has 
not been given a common name, and its chemical designa- 
tion would occupy several lines of type. Pantoyltaurine 
has been shown to be capable of blocking the vitamin 
pantothenic acid. Galactoflavin is an antimetabolite 
effective against riboflavin, vitamin B:. One substance 
may be antimetabolic to two vitamins, as is alpha- 
tocopherol quinone, which can block not only alpha- 
tocopherol (vitamin E) but also vitamin K. 

Among the amino acids, ethionine blocks the nutri- 
tional value of methionine, and thienylalanine blocks 
phenylalanine. Note that here again, as among the vita- 
mins, amino acid antimetabolites as indicated by their 






names are closely related chemically to the food factors 
they antagonize. 

What is the practical importance of the antimetabo- 
lites? So far as normal foods are concerned, these sub- 
stances have little significance in well-chosen, varied 
diets. Spinach lovers may indulge their bent at will; for 
spinach makes valuable nutritive contributions other 
than calcium, and calcium may readily be obtained from 
other foods, particularly milk products. The gourmet 
may with impunity down his daily dozen raw clams, so 
long as his fare is chosen carefully enough to supply him 
with a small surplus of thiamine above his actual re- 
quirement. Coffee has been shown to have antimetabolic 
effect against the vitamins biotin and inositol, but the 
amount of coffee required to produce a serious deficiency 
of these vitamins is many times what a human being 
would be able to ingest; on the favorable side, coffee is 
recognized as a valuable source of the B vitamin niacin. 

But in the field of drugs, antimetabolites demand con- 
sideration. Aspirin, for instance, has been shown to have 
antivitamin K activity. This fact is the basis of a recently 
issued United States patent covering the administration 
with aspirin of vitamin K in sufficient quantity to satisfy 
the antivitamin effect of this drug, thus leaving unim- 
paired the body’s supplies of vitamin K. 

But the most dramatic practical aspect of the anti- 
metabolites, still a mere possibility, is the hope that these 
substances may be used to inhibit malignant tumors. In 
essence, malignancies are areas of uncontrolled growth, 
and since no tissue can grow unless its requirements of 
vitamins are met, it is logical to attempt inhibition of 
tumor growth by antivitamins. Reduction of dietary 
vitamin supplies, however, may not be used to arrest 
neoplasms because then the whole body suffers as much 
as does the tumor, and death may result from vitamin 
deficiency before the cancer is fatal. Hence, research is 
now being aimed toward development of means for lo- 
calizing the effect of vitamin antimetabolites to malig- 
nant growths, with the hope that such tumors may be 
“starved” while the nutritional welfare of the host re- 
mains unaffected. 


Mathematics for Technology 


i the May issue of The Review, Francis Bitter, As- 
sociate Professor of Physics at the Institute, called for 
a more enlightened use and intelligent application of math- 
ematics to the broad problems of society, pointing out 
that the social and economic sciences — and even our 
administrators — have potentially as much need for the 
calculus of variation, simultaneous equations, and prob- 
ability theory as have the research workers in the physi- 
cal sciences. The engineer has long employed mathematics 
as a highly effective tool. For him, mathematics is some- 
thing practical with physical significance. 

Greater emphasis on the utilitarian aspects of mathe- 
matics is implied in a new policy recently adopted for 
the Journal of Mathematics and Physics. The Journal will 
be “exclusively a medium for the publication of mathe- 
matical papers dealing with topics from the fields of en- 
gineering and applied physics, or describing mathematical 
methods likely to be of use to the research worker” ac- 
cording to Eric Reissner, ’38, Assistant Professor of 
Mathematics at the Institute and managing editor of the 
Journal. 
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Airport Design 
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American Atrlines, Inc. 


Municipalities and Air-Line Operators Alike Face the Challenge of 
Adequate Airports for a Rapidly Growing Transport Industry 


By A. J. Bone 


transportation. For the most part, existing air- 

ports are inadequate or obsolete. La Guardia 
Field, N. Y., was the last word in airports in 1939 but is 
now being supplemented by a new airport seven times as 
large at Idlewild. The Washington National Airport, 
opened in 1941, had the benefit of the most advanced 
thinking on airport design. Now a $16,000,000 program of 
expansion is planned at that airport. 

The trouble stems in part from a difference in design 
practices. Airports have been built to last a generation, 
whereas aircraft are expected to be superseded by more 
advanced models almost as soon as they are flown. 
Another factor contributing to obsolescence has been the 
failure of airport designers to anticipate the rapid growth 
in air traffic. A thorough study of both aircraft develop- 
ment and air traffic-potentials is essential to sound airport 
planning. 


A rane are fast becoming a major problem of air 


Air Traffic Potentials 


In the years immediately preceding World War II air 
passenger traffic measured in passenger-miles was growing 
at the rate of 43 per cent a year, mail ton-miles were 
increasing at the rate of 21 per cent, and air express at 
the rate of 34 per cent. These sustained rates of increases 
were in themselves ample evidence that obsolescence was 
imminent, particularly in terminal facilities. 

In 1942 the air lines were severely hampered in their 
domestic operations when about half of their airplanes 
were taken over for military use. The air lines met this 
emergency by operating their remaining airplanes more 
miles a day and by flying with nearly full loads on all 
trips. Thus, they were able to hold their own in passenger- 
miles and, at the same time, to show unprecedented gains 
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in mail and express traffic. With the return of air trans- 
ports by the Army in 1944 and the acquisition of surplus 
transports in 1945, air traffic resumed its upward trend. 
The increase in passenger-miles in 1944 over 1943 was 
39 per cent, and in 1945 it was 55 per cent over 1944, 
Although the gains in 1945 were the greatest in the air 
lines’ history, they still did not reflect the full traffic 
potential because the air lines lacked sufficient equip- 
ment to meet the demand adequately. The average load 
factor (per cent of seats sold) was nearly 90 per cent 
in 1945 compared with load factors of 65 to 70 per cent 
which may be expected when equipment is adequate. 

The record of the last four years has been so distorted 
by the war that it forms an inadequate base from which 
to predict future passenger traffic. The factors influencing 
future growth will be the availability of equipment, the 
public attitude toward flying, the level of the national 
income, and, perhaps more than anything else, the level 
of air-line fares. In the six years prior to 1945, air-line 
fares averaged from 5 to 5.5 cents a passenger-mile. In 
1944 and 1945 the air lines made fare reductions which 
brought the average fare to about 4.7 cents a passenger- 
mile in the latter part of 1945. As traffic volume increases 
and still more efficient transports become available, even 
lower fares are predicted. 

Until recently the cargo traffic of the air lines has been _ 
limited to carrying relatively small volumes of mail and 
express. The growth in this traffic has been rapid during 
the war, but the trends to date are small indication of the 
future. Air mail will increase substantially if all long- 
distance first-class mail is sent by air at regular first-class 
postal rates, and if air parcel post is inaugurated. 

Air express will also increase as rates come down, but 
the potential is pretty much limited to emergency and 
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down, air traffic will grow. Current opinion forecasts a fourfold 
increase in passenger traffic during the next 10 years. 


high-valued shipments. Recently the air lines have in- 
augurated air freight service independent of air express 
and at much lower rates. New companies have also entered 
the air cargo field seeking bulk or plane-load traffic. This 
type of air cargo service is so new that its growth cannot 
be predicted with any certainty. Some believe it may 
ultimately exceed the volume of air passenger traffic. 


Aircraft Design Leads Airport Design 


Aircraft design and not airport design has set the pace 
in air transportation development. This is naturally so 
because the design of aircraft is characterized by con- 
stant change and improvement, whereas airport design 
is concerned with such relatively long-lived elements as 
grading, drainage, pavement, roads, and buildings. 

The trend in air transport design in recent years has 
been toward larger payloads and higher speeds. In the 
attainment of these goals wing loadings (gross weight 
divided by wing area) have steadily increased. As high 
wing loadings imply high take-off speeds and longer take- 
off runs, longer and longer runways have been required. 

Another factor influencing runway length is power 
loading (gross weight divided by total horsepower). 
Generally speaking, the more pounds to be lifted per 
horsepower, the longer will be the take-off run and the 
flatter the take-off path in climbing out of the airport. The 
trend in power loading, however, has been downward in 
recent models, but the change has been small compared 
with the great increase in wing loading. 

In order to meet runway length requirements, airport 
sites have had to be enlarged and, in some instances, 











abandoned in favor of new sites. Grading, drainage, and 
pavement costs have soared. Ultimately, some limit, 
economic or operational, may be reached in runway 
length and airport size. Radical changes in aircraft design, 
such as the universal use of assisted take-off devices 
coupled with braking by reversible pitch propellers or 
other retarding devices, give promise of shifting some of 
the responsibility for meeting take-off and landing re- 
quirements from the airport designer to the aircraft 
designer. In the immediate future, long runways appear 
in demand, but radical improvements in aircraft take-off 
and landing abilities could remove the necessity for huge 
airports. 

With the coming of the war, emphasis in aircraft design 
shifted from civil to military needs. The normal replace- 
ment of civil air transports was halted, and the commercial 
air lines were left with a practically standard type of 
equipment: the 21l-passenger Douglas DC-3. The air- 
planes that were being built to supersede the. DC-3 
became military transports. 

Replacement of civil air transports has now begun and 
will continue at an accelerated rate. At first the air lines 
will supplement the DC-8 with such modifications and 
adaptations of proven military transports as the 44- 
passenger Douglas DC-4, the 60-passenger Douglas DC-6, 
and the 56-passenger Lockheed Constellation. Later, as 
technological advances growing out of the war are applied 
to commercial airplanes, new transports will appear 
which will be designed specifically for different types of 
passenger and cargo service. These new airplanes will 
doubtless present new problems in airport design and 
materially modify airport terminal functions. 


Design Standards 


The essential features of an airport are the runways on 
which the airplanes land and from which they take off; the 
paved apron or ramp at the terminal on which the air- 
planes are loaded, unloaded, and serviced; the terminal 
building for housing airport activities and handling 
passengers, mail, and cargo; hangars and shops for re- 
conditioning planes; and parking lots and driveways for 
use of patrons, employees, and visitors. 

The Civil Aeronautics Administration has recom- 
mended standards for the design of such features as run- 
way width, length, and direction, drainage, paving, light- 
ing, communications, and terminal facilities. Five classes 
of airports, based primarily upon runway length, have 
been set up. Class one is the smallest with unpaved land- 
ing strips 1,800 to 2,700 feet in length, suitable for private 
flying. Class two airports have paved runways 2,500 to 
$,500 feet in length, suitable for private flying and for 
light transports. Class three calls for paved runways 
3,500 to 4,500 feet long, adequate for medium transports. 
Class four has runways 4,500 to 5,500 feet long, serving 
main-line domestic air transports. Class five airports, with 
runways longer than 5,500 feet, are designed for the 
largest airplanes now engaged in transcontinental and 
overseas transport. ’ 

The Civil Aeronautics Administration has published 
manuals of airport design and has also issued technical 
reports on various subjects pertaining to aircraft per- 
formance, particularly with reference to runway require- 
ments. For an industry which is growing as fast as air 
transport, no set of standards can remain valid very long 
without revision, nor may all standards be applied rigidly 
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at all locations without considering the special problems 
presented by each site. ; 

The air lines have initiated airport design studies on 
their own behalf in order that they may have definite 
suggestions to offer whenever airport improvements on 
their system are under discussion. The unique tangential 
runway layout adopted for New York’s new airport at 
Idlewild grew out of a scheme advocated by the American 
Airlines, Inc., with the support of the other air lines 
serving New York. 


The Airport Site 


A city airport of class four or five requires a nearly flat 
area of from one to four square miles located within easy 
access of the business district and at the same time 
sufficiently distant from tall buildings, spires, stacks, and 
hills to allow unobstructed approaches to the ends of all 
runways. Such a site is almost impossible to find in built- 
up metropolitan areas. Some cities, such as New York, 
Washington, and Boston, have met the problem by 
creating a site at considerable expense by filling in large 
water-front areas. Inland cities have been forced to choose 
sites far removed from the center of the city, and in 
mountainous regions hills have. been leveled and valleys 
filled to make suitable sites. The following airport areas 
give some idea of the evolution in airport size: Boston, 
250 acres in 1930; La Guardia, N. Y., 584 acres in 1939; 
enlarged Logan airport at Boston, 2,500 acres in 1946; 
and Idlewild, N. Y., airport, 4,500 acres in 1946. 

The selection of an airport site is closely related to 
other phases of city planning, such as land use and 
transportation. The airport will attract industries related 
to aviation and may later attract industries using air 
transportation. In time, the airport will become the center 
of a new industrial community. The extent to which the 
airport and its activities will influence residential develop- 
ment in its environs is difficult to predict. Workers at the 
airport community may desire homes nearby, whereas the 
noise and industrial atmosphere of the airport may dis- 
courage home building. 

At most cities ground transportation from the airport 
to the city center is excessively slow and costly when 
compared with the air trip. The present ground speed 
over city streets averages 20 miles an hour or less, and 
the fare is about 12 cents a passenger-mile. In the air the 
average speed is around 150 miles an hour (soon to be 
higher), and the fare is about 4.5 cents a passenger- 
mile. The volume of air traffic has been so small in the 
past that it has been handled in special limousines, taxis, 
or private cars. As traffic grows, express bus service at 
moderate fares will be justified, and the airport workers 
will need low-cost public transportation. With the pos- 
sible exceptions of the largest cities where rapid transit 
is available, ground transportation will be by motor bus 
or automobile. To insure satisfactory transportation 
facilities for the present and future, airport planning must 
be co-ordinated with highway planning. The site should 
preferably be on an existing express highway. If this is 
not possible, it should be near the location of a proposed 
express highway that is likely to be built soon because it 
is urgently needed by the community as a whole as well 
as by the airport. 

Although surface transportation to the airport will be 
predominantly by motor vehicle, the helicopter may come 
into use for the transportation of passengers and mail 
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from the airport to various parts of the metropolitan 
area. 


Layout of Runways 


No standard pattern for the layout of airport runways 
has yet evolved. The usual commercial airport has three 
or four single runways pointed in the directions of the 
prevailing winds to provide for landings and take-offs 
into the wind (or nearly so) at all times. Present practice 
leans toward three runways crossing at angles of ap- 
proximately 60 degrees. In locations where the wind 
blows consistently from one direction (or its reverse) a 
single runway will suffice, but in most of continental 
United States, multi-runway patterns are required. The 
pattern adopted is usually the result of a compromise 
after consideration bas been given to such factors as: 
wind directions, obstacles in approaches to runways, the 
shape of the airport site, desirable subsoil for pavements, 
and grading and drainage costs. 

At airports with single runways in each wind direction, 
only one runway is used at a time, and only one airplane 
is permitted to land or take off at a time. Under these 
conditions the airport can handle a maximum of 40 to 60 
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Air express rates and air express ton-miles: Air express rates 
have been high, and the traffic volume small. Reductions in air 
express rates and the introduction of air freight at much lower 
than air express rates will open new markets to air cargo and 
will cause an increase in which is difficult to appraise. 


Some predictions for 1955 run as high as 2,000,000,000 ton-miles. 






















































































| 5.00 
= 4.00 | 4.00 
~ | PAYMENT 
gia / BY PUBLIC cod 
E YC 84 Mail 
: \ r 
& 1 i * 
2.00 ij = = = of ¢M ‘| 2.00 
" ?- 5 Sot 
S t 
Slioo + REVENUE—-*\ > 3¢Mail_ | 1.00 
ro TO AIRLINES ? 
| ~ EP ——?2—? 
1935 1940 1945 1950 1955 


AIR MAIL 


TON-MILES 


Millions of Ton - Miles 





1935 1940 1945 1950 1955 


Mail rates and mail ton-miles: Mail traffic increased more than 

fivefold during the war in spite of an increase in the air mail post- 

age rate from six to eight cents an ounce. Air mail revenue to the 

air lines has steadily declined as the air lines have become more 

and more independent of air mail subsidies. The future growth 

of mail traffic will depend upon government action in reducing the 
air mail postage rate. 


airplane movements (landings or take-offs) an hour in 
fair (contact) weather. When greater capacity is required, 
three or four pairs of parallel runways are sometimes Jaid 
out in each wind direction, providing 80 to 100 landings 
or take-offs an hour. 

In overcast weather, when the pilot must rely on his 
instruments and radio, landing procedure is slow and the 
capacity of the airport is greatly reduced. Improvements 
in air traffic control and the general adaptation of blind 
landing systems are expected to speed up landing pro- 
cedure and overcome much of the loss of ‘capacity now 
experienced in bad weather. 

In planning for future traffic at New York, the parallel 
runway system was deemed inadequate, and a radically 
different pattern was adopted. This scheme, known as 
the tangential runway pattern, is to be obtained in the 
ultimate stage of construction at Idlewild. It consists of 
a central terminal area of elliptical shape about 5,000 
feet in longest dimension, from which 12 tangent runways 
diverge at angles of 30 degrees, like the vanes of a giant 
pin wheel. It is claimed that in good weather this layout 
can handle 360 airplane movements an hour: three 
landings on one side of the terminal and three take-offs on 
the other side to occur simultaneously. In overcast 
weather when instrument landing procedures are neces- 









sary the capacity is estimated at 240 plane movements 
an hour. Since all runways lead directly to the terminal 
apron, taxiing distances are shorter than for the parallel 
runway layout. 

The demands of recent aircraft for longer and longer 
runways has been mentioned above. A means for deter- 
mining desirable runway length in terms of aircraft 
weight and performance is provided in the Civil Air 
Regulations for Airplane Airworthiness issued by the 
Civil Aeronautics Administration. 

These regulations prescribe three conditions to be met. 
Briefly they are: (1) The runway length must be such as 
to permit the airplane to accelerate for take-off in still 
air and then, in the event of engine failure, to be brought 
to a stop within the length of the runway; (2) the length 
must be sufficient to allow the airplane to accelerate for 
take-off and then, in the event of engine failure, to be 
able to continue with one engine in operation and climb 
to a height of 50 feet before reaching the boundary of the 
airport; and (8) for landing, the runway length must be 
sufficient to permit the airplane to clear a 50-foot height 
at the beginning of the runway, make contact with the 
airport surface, and be brought to a stop within 60 per 
cent of the runway length. 

For new transports, these regulations will determine 
the maximum gross weight that may be taken off from or 
landed on a runway of given length and elevation. The 
runway length required to get a given plane into the air 
increases with altitude because of the reduction in the 
density of the air. The increase in length required is 
equivalent to approximately one quarter of the elevation 
of the airport above sea level. Hence, if a 5,000-foot run- 
way is required at sea level, a 6,300-foot runway would 
be required at Denver, which is about 5,300 feet above 
sea level. Not only is the airport construction problem 
made difficult by mountainous terrain but a larger site is 
needed than in the relatively flat coastal areas. 


The Pavement 


Many of the principles of highway design and construc- 
tion apply also to airports with some new problems added. 
The wide and relatively flat paved areas require more 
elaborate drainage systems than do highways, and the 
loads applied by the heavier transports far exceed those 
encountered on highways. Truck wheel loads are usually 
limited to 12,000 pounds or less, whereas the B-29 and 
its transport counterpart, the Stratocruiser, have wheel 
loads of about 60,000 pounds. Even heavier loads are 
forecast for transports of the future. 

At the beginning of the war no satisfactory theory 
existed for the design of pavements to support such 
heavy loads, nor was any experience with such Joads 
available. A theory for the design of concrete paving slabs 
had been developed by H. M. Westergaard, but much 
remained to be learned about the relation between the 
subgrade and the pavement in order to evaluate certain 
constants in the Westergaard formulas. Only a limited 
amount of research had been done-on the design of flexi- 
ble pavements (gravel or stone bases with bituminous sur- 
faces), and even this research was with light wheel loads. 

To meet the war emergency, the United States Engineer 
Department of the Corps of Engineers was assigned the 
task of producing adequate design procedures for military 
airports to serve heavy bombers and transports. With no 
time available for adequate research, the Engineers 
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adopted an empirical method developed by the California 
Department of Highways for the evaluation of subgrade 
support and for the design of flexible pavements. The 
basis of this method is a penetration or “bearing” test on 
a compacted, saturated sample of subgrade or base 
course material. The bearing value for any material is 
expressed as a percentage of the standard value for an 
excellent base of broken stone. The percentage is called 
the “California Bearing Ratio” or “C.B.R.” 

Over a period of years’ the California Highway Depart- 
ment developed, from observation of pavements in serv- 
ice, curves of total pavement and base thickness required 
for subgrades of various California Bearing Ratios under 
truck wheel loads 7,000 and 12,000 pounds, respectively. 
The Engineers, as an emergency measure, extrapolated 
additional curves to cover wheel loads up to 75,000 
pounds. They then embarked on an extensive program 
of research to secure data from which to validate or 
modify the C.B.R. curves and to develop new methods of 
design if found desirable. Full-scale test pavement sec- 
tions were built at several locations throughout the 
country and were loaded to destruction by heavy wheel 
loads simulating airplane loads. Load-deflection relations 
were investigated under circular bearing plates and under 
static and moving wheel loads. These tests for the most 
part substantiated the C.B.R. method as a useful tool for 
runway pavement design. The problem of theoretical 
pavement design in terms of load and pavement behavior 
is yet to be fully solved. The data obtained during the 
war, both from testing and from experience in the actual 
construction of military bases, have added much to the 
store of knowledge necessary to develop such a theory. 


The Terminal 


In the past, airport terminals have frequently been 
too small and built gf such permanent construction that 
expansion has been difficult. Designers have been short- 
sighted in providing for air transport growth and in 
visualizing the airport terminal’s function. The terminal 
layout should provide for a smooth flow of surface traffic 
to and from the airport terminal and adjacent hangars 
and service buildings, with ample parking space for both 
patrons and workers. Direct access to waiting planes is 
desirable for passengers who have purchased tickets in 
advance. For others, and for those waiting for plane 
connections, an attractive and commodious waiting room 
is required, convenigntly located with respect to ticket 
offices and public conveniences. Mail and express must 
be transferred from truck to plane, usually at a lower 
level, where it will not come in contact with passengers. 
Space is also required for air-line offices, the airport 
manager, and traffic control and weather bureau staff 
and equipment. Provision should be made for handling 
spectators in such a way that they may view the activities 
of the airport without interfering with airport activities 
or mixing with passengers. Concessions catering to patrons 
and the public, such as restaurant, barber shop, haber-- 





. Runway patterns: The simple three-way layout (top) permits 
40 to 60 plane movements (landing or taking off) an hour. Parallel 
runways (center) double this capacity. The tangential scheme 
(bottom) with three landings and three take-offs occurring simul- 
taneously will permit up to 360 airplane movements an hour. A 
modification of the tangential layout has been adopted for the final 
stage of development of New York City’s huge new airport at 

Idlewild 








CHARACTERISTICS OF TYPICAL COMMERCIAL AIR TRANSPORTS 





Take-off Wing Power 

; Number Number Total Cruising Gross Loading Loading? 

Make of Airplane of Wing of Take-off bay t Weight (Lbs. per (Lbs. per 
Seats Span Engines iP. (M.P.H.) (Lbs.) sq. ft.) H.P.) 

TRANSPORTS NOW IN SERVICE OR BEING RECONVERTED 
Douglas DCB. ....... ssc cece eseeccccswessensene 21 94’ 7” 2 2,400 185 25,200 25.5 10.5 
OS rr ere eee 38 107’ 3” 4 4,800 225 54,000 36.3 11.38 
EL Ee BAG JESSIE ah le a 44 117’ 6” - 4 5,400 239 71,300 48.9 18.2 
MEE. Abd h ack corso cbboes Ras hek 48-60 117’ 6” 4 8,200 278 80,500 55.0 9.8 
Lockheed Constellation...................cceecees 56 123’ 4 8,800 300 86,250 52.3 9.8 
NEW MODELS PROPOSED FOR IMMEDIATE POSTWAR PERIOD? 

I a is ed ERs AES lias ag 3g eilcinidl’s ble Ale due 30-42 92' 9” 2 4,200 270 34,300 39.8 8.2 
a de celninnde bn pictpins 34-48 110’ 2” 2 3,260 260 39,500 35.9 12.1 
RA eee eee ree 30 96’ 2 4,200 252 36,000 48.8 8.6 
Consolidated-Vultee Model 240.................... 40 88’ 2 4,200 300 34,000 42.0 8.1 
Ee ere ee 40-46 129’ 2” 4 12,000 400 113,250 69.0 9.4 
og See 76-100 141'3” + 12,000 340 130,000 74.3 10.8 
Consolidated-Vultee Model $37..................... 204 230’ 6 30,000 340 320,000 67.2 10.7 


1 Cruising speed varies with altitude. 
? Based on take-off horsepower. 


3 Characteristics of proposed airplanes are modified frequently during development. 


dashery, soda bar, and souvenir counter, should be 
encouraged as added attractions to the airpert and sources 
of airport revenue. 

At present, airplanes are unloaded, loaded, and serviced 
on the apron adjacent to the air terminal building. A 
fleet of small vehicles, some motorized and some pushed 
by hand, are used to bring mail, express, and supplies 
to and from the airplane. This process, employing much 
hand labor, may be but a passing phase. As air traffic 
grows, mass transportation methods may evolve which 
are difficult to foresee. Mail and express will probably 
continue to be carried in the same airplanes as passengers 
and will, therefore, have to be handled at the air-line 
station. Air freight will move to an increasing extent in 
separate, all-cargo transports, which may be better 
served at another part of the airpprt or at a separate 
airport. 

The airport terminal differs greatly from a railroad 
terminal in the spacing of the gates required for loading 
and unloading passengers. A frontage of about 20 feet 
at a rail terminal will accommodate a track and platform 
that can serve a train of several bundred passengers. At 
the airport terminal each plane requires from 100 to 175 
feet of frontage in order to handle 20 to 60 passengers a 
plane with speed and safety. 

If each plane is allowed 30 minutes at the terminal, 
10 berths will be required to matgh the capacity of a 
single runway at 40 movements an hour. If each plane is 
allotted a circle of 150-foot diameter, the frontage (or 
apron) will be 1,500 feet long. If 360 plane movements an 
hour are to be served, as planned for New York’s airport 
at Idlewild, 90 berths will be required, which, at 150-foot 
intervals, would extend 13,500 feet or two and a half 
miles. In order to provide Jong frontages without exceed- 
ing a reasonable walking distance from a central terminal 
building, the straight apron in front of the terminal has 
been abandoned in favor of curved or nose-shaped aprons 
running along three sides of the building location. In 
some designs the terminal area has approached a circular 
shape, and in others the perimeter has assumed an in- 
dented or scalloped shape to give a maximum frontage 
with a minimum internal area. 

As the airport terminal area increases in size, one 
central terminal building becomes less effective as a 
passenger station. Current thought is turning toward 





separate terminals for each air line located adjacent to 
the berths of each air line. This arrangement is convenient 
for patrons who have made reservations with a particular 
air line, as is now usually the case. Such a system of 
single terminals, however, tends to perpetuate the indi- 
vidualistic policies of the air lines in carrying on complete 
terminal operations independent of one another. After a 
period of individualism, the railroads found it to their 
mutual advantage to organize subsidiary terminal com- 
panies to handle their joint terminal functions. As air 
transport approaches the mass transportation stage, the 
air lines may find terminal companies advantageous. 
The ground handling costs of the air lines are relatively 
high, and economies in this field appear possible as well 
as in aircraft operation, which at present is being given 
major attention. An air-line terminal company could, 
under contract with the city, take over the management 
of the airport concessions and exploit revenues from this 
source to help support the airport. It might also provide 
ground transportation to the city. In the long run, the 
central terminal idea with intra-airport transportation 
may offer a solution to the problem of excessive distances. 


The Master Plan 


Each airport should have a master plan showing its 
proposed ultimate development. All desirable features 
that can be foreseen should be provided for, yet the plan 
should be sufficiently flexible to allow alteration for un- 
foreseen developments. Ample land should be taken to 
carry out the plan, and the approaches should be rigidly 
zoned to prevent the erection of obstructions that will 
interfere with the full utilization of the airport site. 

The plan should provide for construction in stages as 
traffic requires. Between stages the plan can be modified 
to include provision for new developments in air trans- 
portation and ground handling methods. Plans are easily 
changed but structures are not. Simplicity should be the 
rule in the terminal development. Buildings should have 
the appearance of permanence without structural massive- 
ness or excess ornamentation. The master plan provides 
a proving ground for new ideas which is much less ex- 
pensive than trial and error methods worked out in 
concrete and steel. Airport design at the present time is 
a most fluid and intriguing problem, taxing the ingenuity 
and foresight of architects and engineers. 
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: High Road to Brooklyn 


Many Methods of Construction of Modern Suspension Bridges 
Stem from Those Originally Developed in the 
Building of the Brooklyn Bridge 
By E. H. Cameron 


gineers who dared to design members of the then 
unprecedented ‘proportions of the Brooklyn Bridge, 

we must respect the high physical caliber of their spirit 
when they came to turn these designs into a finished 
structure of stone, timber, concrete, and steel. The first 
phase of the project provided a striking example of this 
fortitude: the building (by the pioneer pneumatic caisson 
process) of the foundations of the Brooklyn and New 
York towers. These provided the largest (although not 
the deepest) example, to that date, of the successful use 
of this process for underwater construction. Fathoms be- 
neath the surface of the East River, the caissons com- 
prised the essential elements of this process: a working 
chamber, charged with compressed air to keep the water 
out, with air-sealed avenues of ingress and egress for 
the workmen, the excavated materials, and the concrete 
to fill the chamber when good bottom had been reached. 
Perhaps the best way for us to appreciate how the 


[ we are impressed with the mental courage of en- 
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problems were met is to take an imaginary trip to their 
caissons, drawing upon the vivid reports of the chief en- 
gineer, Washington Roebling, as we describe this fanciful 
experience. 

With the chief as our guide, we first squeeze through the 
small opening of the air lock of the Brooklyn caisson, 
bearing in mind that this mysterious atmosphere of com- 
pressed air will play macabre tricks on us if we fail to 
heed the warnings as to how to conduct ourselves. Of 
course, we must fix our jaws at the “certain angle” to 
protect our ears from the unbalanced air pressure, the 
chief says. Black smoke streams from the many candles ~ 
that light the caisson. Blended with the sewage of genera- 
tions, the muddy bottom stinks; we are glad that the sense 
of smell is not normal in compressed air. 

Are we willing to take a chance with him, the chief 
inquires. Downward progress of the caisson has been at 
the rate of but six inches a week, and he wants to blast 
the boulders which have caused this slow rate. But what 











Many a daring New York citizen crossed on the flimsy, temporary footbridge, four feet wide, built of oak 
slats, 200 feet above the East River. It was located about on the Bridge centerline and served three pairs 
of cross stagings, called cradles, in the river span (not yet built when this view was sketched), with other 
cradles in the land spans. Access to the four Bridge cables was from the cradles. Between cradles, buggies 
were used for applying marlin, clamps, and cable wrapping; occasionally the ex-sailor cable spinners 


went hand-over-hand. 


of the concussion effect on the caisson and its equipment 
in the atmosphere of compressed air? To find an answer to 
this question he proposes to fire heavier and heavier shots 
from his pistol. If eardrums are not shattered, it will be 
safe to use gunpowder on the boulders. The experiment is 
successful, and the ability to blast the many boulders as 
they are encountered increases the-rate of settlement of 
the caisson to 18 inches a week. 

Half-naked men dive under the edge of the water shaft 
as we watch the removal of excavated material; it is their 


quick way of dislodging a rock that has stuck there. They . 


have to hold their breath for three or four minutes, but in 
an atmosphere of compressed air the task is easy, Roebling 
tells us. 

Suddenly the whole massive frame of the caisson settles 
“impulsively” with sharp snaps of crushing timber; the 
30,000-torm structure above us is merely adjusting itself 
to its lower level now that more bottom has been dug out. 
That is a normal incident, we are told. 

There are elaborate precautions against fire because 
materials ignite easily in compressed air. But a workman, 
stopping for lunch, has set down his candle too near a 
bit of oakum packing of the timber walls which has some- 
how been left exposed. With the chief, we shoot carbonic 
acid gas at the flame. The fire bursts out again, and ulti- 
mately we leave the caisson and watch fireboats and en- 
gines pour 38 streams of water to flood it. More than three 
months will be required to repair the fire damage. 

We have had enough of this Jonah of a Brooklyn cais- 
son; so, breathing God’s good East River air, we go to the 
chief’s office. He tells us that his force is normally or- 
ganized in eight-hour shifts, 119 men on each shift, with 
the men remaining in the caisson to eat their lunch. Men 
often quit, the chief admits, as he compares the 360 jobs 





with the pay roll of 2,500 
names. 
The Bridge played its 
| * part as a major project in 
a program of unprece- 
dented bridge construction 
in America in the post- 
Civil War period. Basic 
; “umatic caisson meth- 
ods were developed then 
that have been used ever 
since, with, of course, re- 
finements due to the greater 
use of steel and reinforced 
concrete and the adoption 
of electrical apparatus. 
The major share of the 
credit for safe methods for 
such work is due to Cap- 
tain J. B. Eads, who, at a 
high cost in human life, 
made important advances 
in underwater construc- 
tion methods at the Mis- 
sissippi River Bridge at 
St. Louis. These methods 
were adopted on many 
- contemporary bridges. We 
may be sure that the men 
at Brooklyn closely fol- 
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The Port of New York Authority 
The Geogyge Washington Bridge has four cables, arranged in pairs. 
In construction, each of the two pairs was served by a footbridge, 24 
jt. 7 in. wide, providing access to the entire cable length between towers, 
Wire mesh filled the spaces between the slatted timber walkways. The 
two footbridges were carried by wire rope, like the one footbridge at 
Brooklyn, and had “storm systems” of guys to prevent too great dis- 
turbance from wind. 
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lowed the reports of Eads’s 
means of combating the 
new occupational malady: 
caisson disease. They had 
to settle with Eads later 
for not obtaining his per- 
mission to use the St. Louis 
Bridge system, with patents 
relating to means used in 
sinking bridge piers. 

It was at the deeper New 
York caisson that the effects 
of caisson disease were felt 
in their full severity. Grue- 
some reading is encountered 
in Surgeon Andrew H. 
Smith’s account, which de- 
scribes the symptoms of 
men after leaving the com- 
pressed air: “as if the pa- 
tient had been struck by a 
bullet . . . as if the flesh were 
being torn from the bones”’; 
three men died. A list of safety rules reads like modern 
regulations for work in compressed air. 

Returning to the year 1946, we can feel that our expe- 
rience in the Bridge caissons has revealed the 1870 status 
of pneumatic caisson construction. 


The Towers 


Out of date as they are to the designer who now builds 
his supension bridge towers of steel, the towers of the 
Brooklyn Bridge still inspire him to imitate in steel the 
masonry towers of Roebling. The steel towers of the 
George Washington Bridge, for example, are built so that 
granite-faced reinforced concrete encasement can be 
added. 

Steel compression members of the magnitude required 
by the towers were unheard of in Roebling’s time. The 
tragic first failure of the Quebec Bridge was undoubtedly 
the greatest influence toward tests of large steel compres- 
sion members that should provide a rational method for 
their design. Perforce, Roebling had to make his Bridge 
towers of masonry, and he fell back on his architectural 
training at the Berlin Polytechnic Institute to give them 
their pleasing proportions. They are built mostly of 
granite, with some limestone. Of the thousands of ship- 
loads of stone, only one vessel was lost by shipwreck. 

Except for their aesthetic interest, the Bridge towers 
concern the present-day student only in a comparison 
with modern methods of construction of high masonry 
structures. When reading of the comparatively primitive 
methods in use in the Seventies one cannot help visualiz- 
ing the patent stagings with railings, the electric elevators 
with safety brakes, the electric bell systems, and the 
acres of plank platforms used today on construction jobs. 

Oversized lewises for raising the heavier stones were 
effective in all but one instance, when a stone was 
dropped 200 feet. Steam was satisfactorily brought 400 
feet to the setting derricks at the top of the towers, but 
work was handicapped by limited methods of communi- 
cation. Satisfactory signaling to the engineer below was 
particularly difficult. The most effective signaling system 
was found to be a loud whistle to call attention, followed 
by a flag used with a very positive motion. 





Concise Description of the East River Bridge, by BE. F. Farrington 


The upside-down timber box that comprises the Brooklyn caisson was built at a Greenpoint shipyard 

miles away, launched like a ship, and towed by six tugs to the site of the old Fulton Ferry. In plan, it is 

168 feet long by 102 feet wide. Iron-shod cutting edges were to prevent the escape of the compressed air of 

the working chamber. It was sunk to hardpan under the weight of the tower masonry, added course by 

course, as excavators removed the mud and boulders below. With the chamber filled with concrete, the caisson 
is still in place, carrying its share of the weight of the Bridge. 


Certain modern specifications could well emulate the 
fixing of the responsibility as to unloading. Steam power 
and derricks for unloading vessels were to be furnished 
by the Bridge company; the crews of the vessels were 





MAJOR ENGINEERING DATA 


Brooklyn Bridge Compared With 
George Washington Bridge 


George Washington 


Item Brooklyn Bridge Bridge 
Completion date of 1883 1931 
bridge 
Duration of con- 13.4 years 4.1 years 
struction period 
(entire bridge) 
River span 1,595 ft. 6 in. 3,500 ft. 
Number of cables 4 4 
Diameter of cable 1534 in. 36 in. 
Sag (center span) 
Basic design of 
J.A. Roebling 128 ft. 
Under final dead 
load 325 ft. 
River clearance 133 ft. 195 ft. at New York 
210 ft. at New Jersey 
Side spans 930 ft. 650 ft. at New York 
610 ft. at New Jersey 
Length, center plus 3,455 ft. 6 in. 4,760 ft. 
land spans 
Wires per cable 5,296 26,474 
Strands per cable 19 61 
Average wires per 278 434 
strand (approx. 
as reported) 
Diameter each 3 in. 4% in. 
strand 
Diameter wire No. 8 and No. 6 BWG 
No. 7 BWG 
0.167 to 0.187 in. 0.196 in. 


(As reported, 1880) (over galv.) 
Ultimate wire 160,000 psi 220,000 psi 
strength (speci- 
fied minimum) 
Specified elastic About 75,000 psi 
limit 
Minimum yield 
point specified 
Length of single 14,357 mi. 105,000 mi. 
wire (Approx.) 
Crucible cast steel Cold drawn steel 


About $18,000,000 


150,000 psi 


Cable material 
Cost 
Including 
approaches 
Excluding ap- 
proaches but 
including an- 
chorages 


About $32,000,000 
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expected to assist by bringing the stone under the arm of 
the derrick and attaching the lewis to the hoisting block. 


The Anchorages 


At the anchorages the 19 strands of each of the Bridge 
cables flare out and are attached to eyebar chains. Each 
chain forms a curve, which swings down from the top of 
the anchorage to join a 23-ton cast-iron spider at the 
base. The eyebars and pins are of iron. True, Herr Krupp’s 
plant at Essen had obligingly forged a sample bar of steel, 
two by nine inches, but iron was found to be more eco- 
nomical. The chains and spiders are encased in a masonry 
anchorage structure which, at the New York end of the 
Bridge, varies from 85 to 89 feet in height. Similar con- 
struction exists at Brooklyn. The anchorages thus form a 
part of the Bridge approaches. The “margin of safety” 
against uplift is two and one-half. 

The anchorages each rest on a timber grillage, the top 
of which is a little below the level at which fresh water 
was found to stand, thus ensuring their permanent preser- 
vation. The Bridge is continued beyond the anchorages 
at each end by arched masonry viaducts, called the 
approaches, 


The Cables 


When they came to describe their problems on the 
cables of the George Washington Bridge, the engineers 
testified that their construction methods stemmed from 
those of the builders of the Brooklyn Bridge. The table 
gives a comparison of the two bridges: the earliest and the 
latest Manhattan suspension spans. 

The foundations, towers, anchorages, and floor system 
of a suspension bridge may properly be deemed of sec- 
ondary interest, compared with the cables. In their adop- 
tion of steel wire for the four cables, their faithfully per- 
formed tests to ensure its adequacy, and their ingenious 
methods of erection, the Brooklyn Bridge builders deserve 
the highest credit. 

John A. Roebling had considered the use of wire of 








8 feet, supported on rollers riding the cable. With steel squeezing clamps, 

assisted by much pounding with wooden mallets, the strand formation 

was broken up and the wires compacted to form the circular cables. 
Turned by hand, the wrapping reel advanced 20 feet a day. 


The almost complete elimination of hand methods is apparent (below) 
in this well-designed wrapping machine used on the George Washing- 
ton Bridge. Preliminary and final squeezing of the strands has been 
completed. Electric motors rotate a ring gear surrounding the cable. 
The two wire reels are turned by this ring through brake bands rubbing 
against flanges of the reel to control wire tension. Four spring-loaded 
radial plungers bear against the last few turns of wrapped wire and 
thus hold the tension. The machine is pulled ahead by a hand winch. 


Splices in wrapped wire were welded. 


ri 


The Port of New York Authority 


either wrought iron or steel. His successors wrote their 
wire specifications for steel, but they ruled out open hearth 
and Bessemer steels. This was not an offhand decision. 
While work proceeded in caissons and on towers, tests had 
been carried out to find a reliable cable wire. “One grave 
difficulty surrounded the question of steel, and that is, 
lack of uniformity of quality.” So the first specifications 
carefully excluded Bessemer and open hearth steel and 
called for crucible cast steel. The wire was to be galva- 
nized, another innovation. 

Surprisingly enough, however, when the Bridge trustees 
overrode the original specifications and allowed bids on 
all kinds of steel, “it soon became manifest from samples 
received that both open hearth and Bessemer steels 
could be manipulated as to meet the requirements in 
every respect. . . .” Bids were received from American, 
English, and German steelmakers; prices ranged from 
8.7 cents to 13.95 cents a pound for English crucible cast 
steel; 6.75 cents for Roebling Bessemer steel; 8.25 cents 
for open hearth steel; with an English firm bidding 6.14 
cents for steel of an undesignated manufacture. Despite 
the satisfactory quality of the lower priced Bessemer steel, 
the trustees awarded the contract for crucible cast steel. 
The revised specifications (Continued on page 500) 


Cable wrapping on the Brooklyn Bridge (left) was a hard manual 
task. The wrapping buggy was a crude, wooden platform, 12 feet by 
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Discriminating Particles and 


Working Bubbles 





Unnatural Selection among Particles Exposed to the Charms 


of Bubbles Improves Many a Mineral Crude 


By A. M. Gaupin 


metallic ores, raw nonmetallic minerals, salines, 

and solid fuels — are rarely in a state of purity 
that allows direct use. To put the crudes into useful form, 
wide use is made of the lifting power of small bubbles, 
which are made to adhere selectively to some of the sol- 
ids (Fig. 1). This flotation process is so widely employed 
that annually more than 150,000,000 tons of crudes are 
wet-ground to the fineness of silt or mud, before separa- 
tion by controlled bubbling. In engineering parlance, the 
total number of bubbles required annually for the in- 
dustry is of the order of magnitude of 10'°. 

These bubbles have the job of selecting certain types 
of solids from the many others that are simultaneously 
present in the swirling mud, at- 
taching themselves to the selected 
particles, and rafting them to the 
surface, where they form a froth, 
sometimes evanescent and brittle, 
at other times permanent and 
tough. This foam varies not only 
in mechanical properties but also 
in feel and color. Sometimes the 
froth simulates liquid gold or 
bronze, as when the flotation 
process is applied to copper ores; 
at other times it has the silvery 
yet blue-black luster of freezing 
lead. At other times it looks like 
honey or is dead-white, chocolate, 
or even delicately pink or laven- 
der. This diversity reflects the 
variety of the fields of application 
of the process to metallic-looking 


M0 cast’ crudes from the earth’s crust — that is, 


earth minerals, to salines such as 
potassium salts, to coal or sulphur, 
and even to an increasing group of substances that are 
far removed from minerals. For instance, flotation can be 
used to purify the liquor in which rayon threads are 
formed, to discard the ink from pulped secondhand pa- 
per, to separate crystals made in chemical processes, 
and to remove certain parts of wheat grains from others 
in the course of flour milling. 

On a tonnage basis the largest field of application re- 
mains in connection with the dressing of sulphide ores of 
base metals. There, flotation is a leading unit operation 
and unit process along with such older unit operations as 
crushing, screening, classifying, leaching, filtering, and 
sintering. 





S. J. Swatnson, American Cyanamtd Company 

Fig. 1. A mineralized bubble carries with it several 

particles of sulphide minerals. The bubbie was 
about one millimeter in diameter. 
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But a field of greater mineral variety is one that is 
provided by nonsulphide mineral crudes such as cement 
rock, barite, alunite, mineral phosphates, potash salts, 
and other salines, as well as clays, feldspars, micas, and 
glass-sand. Most iron ores would also fall into this group, 
along with bauxite, magnesite, and chromite. This field 
is growing rapidly. 

The third field of application in which large tonnage 
is in prospect is in cleaning coal. This field has had con- 
siderable development in Europe, but developments in 
this country have lagged, both because nature has en- 
dowed us with good coals and because users in this coun- 
try have not been sufficiently critical of the quality of the 
coal they demanded. The fourth field may be viewed 
as embracing all nonmineral ma- 
terials. It is both the most diverse 
and the newest. 


Inception of the Flotation 
Process 


The flotation method has grown 
out of processes in which air 
played no part and in which, in- 
stead, an oil or grease took the 
parallel role. Only gradually, nay, 
reluctantly, has the concept been 
dropped that oil plays an essen- 
tial part, and some people still 
speak of oil flotation. Yet it may 
be of interest to review briefly 
how oil was used and how we have 
learned to dispense with it. 

If we disregard the reference 
in Herodotus to the winning of 
gold by the use of pitch-daubed 
feathers —a gold-digging art 
practiced by prehistoric Amazons 
—our oldest reference to flotation is in a manuscript 
written by the Persian scholar Muhammad ibn Mansur 
in 1491. Mansur describes several procedures for sep- 
arating lazurite or lapis lazuli (a blue mineral pigment in 
demand for the tinting of faience) from waste minerals as 
well as for separating a substitute blue pigment made 
from azurite, the basic copper carbonate. In one process 
Mansur directs the making of a paste of pitch or resin in 
linseed oil and the kneading of this paste with the ground 
mineral crude, then washing away the lazurite, leaving 
the gangue (calcite) sticking to and engulfed in the oily 
mass. It is interesting to note that this process was still in 
use for making ultramarine as recently as 1890. 
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In 1877, the Bessel brothers proposed that gas bubbles 
be introduced to help the separation of oiled graphite 
crude into an aerated oil-and-graphite mass on the one 
hand and a watery gangue on the other. Their invention 
was patented in Germany and directed the user to boil 
the mixture (from whence the gas bubbles arose), but it 
did not recommend the introduction of air bubbles. Since 
the invention was limited to graphite and required large 
quantities of oil, it achieved little success. 

In the early part of the present century the basic 
process as we know it today was introduced, largely 
through the genius of a group of English engineers in- 
cluding Cattermole, Sulman, Picard, Ballot, Higgins, and 
Chapman. It consists of grinding finely the ore with water 
in the presence of a small amount of a fatty acid, such 
as “red engine oil,” and a small amount of an inorganic 
acid, such as sulphuric acid, and in bubbling air (Fig. 2) 
through the pulp diluted to about one part of solids to 
four or five parts of water, this bubbling being readily ac- 
complished by a submerged impeller. Their process still 
made use of oil (a fatty acid) but in such small quantity 
that the oil obviously acted to make possible the adhesion 
of air to the mineral rather than to serve as a levitating 
agent. At the same time, an acid was added to give the 
separation more selectivity, and the basic function of 
the working air bubbles was recognized. 

More recently the process has been applied to a very 
wide group of solids until it has become possible to float 





Colloid Chemistry 


Fig. 3. Three test-tube solutions illustrating the separation of 

marmatite (or ferruginous zinc sulphide) from calcite, The test 

tube at the left illustrates separation by floating the calcite, and sep- 

aration by floating the marmatite is illustrated in the center. At the 

right is an example of lack of separation in the absence of a flota- 

tion agent. Note that in the cases in which flotation agents are em- 
ployed, good separation is achieved, 





Henry R. Spedden, Jr 
Fig. 2. Bubbles at work, light loaded. This interesting illustration 
shows air bubbles teaming up to lift relatively heavy galena par- 
ticles. Magnification is about 50 diameters. 


any one of the constituents from certain mixtures 
(Fig. 3). 
Growth of Flotation and Its Influence on 
Raw-Material Economy 

For the past generation progress has been steady in 
(1) reducing the quantity of oil; (2) differentiating be- 
tween soluble oils that promote frothing and insoluble 
oils that promote adhesion of solids to gas; (3) substi- 
tution of organic salts for the adhesive oils and invention 
for this purpose of organic salts, acids, and bases capable 
of providing special anionic or cationic hydrocarbon ions; 
(4) wider use of controlling factors, such as pH, and the 
concentration of various ions; (5) development of special 
techniques for the separation of extra-coarse particles, 
e.g., by the process that has been called agglomeration; 
and (6) contrivance of simpler machines that, with the 
use of some servomechanisms, make the operation nearly 
automatic, so that in a large plant one operator can now 
supervise the entire flotation section. 

It may be well to make brief mention of the very large 
scale of certain applications. Plants treating 500 tons of 
feed a day are not at all rare, and there are a number of 
plants in which more than 10,000 tons are treated a day. 
Yet, especially in the largest plants, the degree of mech- 
anization is such that a search may have to be made to 
locate the operator. 

The success of flotation has been due to the flexibility 
and adaptability of the process. A noteworthy advantage 
is the capability for treating material from one micron to 
one millimeter in size without requiring heat or substan- 
tial quantities of chemicals. Such agents as are required 
spread themselves at the particle surface or form dilute 
solutions in the system liquor, and temperature control 
is not critical. The process is therefore peculiarly adapted 
to the continuous treatment of large quantities of low- 
grade material. A few examples will illustrate how flota- 
tion has affected the normal conceptions of ore reserves 
and the price of the finished material. 

Much copper is now mined from ores containing as 
little as 0.6 to 0.75 per cent copper and in which the 
metal is finely disseminated as a sulphide. If an ore of 
such grade were smelted directly, most of the copper 
would go into the slag and be irretrievably lost; and if it 















a a a a 





ures 


irge 
s of 
r of 
lay. 
ch- 


> to 


lity 
age 
1 to 
an- 
ted 
ute 
trol 
ted 
ow- 
»ta- 
ves 


as 
the 
» of 
per 
if it 








were concentrated by gravity, very large losses 
would be incurred and a poor concentrate would 
result. The alternative ways to dress such an ore 
are leaching and flotation, and the latter is 
cheaper because no reagents are required to dis- 
solve and precipitate the metal. The flotation 
process has made possible the large low-cost 
open-pit copper mines of the western United 
States and has kept the price of the metal to 
about 12 cents a pound in the face of growing 
costs and a lowered grade of the ores. 

A second example is provided by the cement 
industry. Lime, alumina, and silica have to be 
blended in the proper proportion to make cement. 
Most cement rock contains all three ingredients, 
together with certain impurities, but the desired 
ingredients are not in the right proportions. It 
had been customary, therefore, to mine the rock 
selectively, blending its products with other 
chosen materials, frequently from a distant lo- 
cality, and to grind, fire, and again grind the mix- 
ture to obtain the finished cement. By the use of 
flotation it is possible to correct irregularities in 
cement-rock analysis on a subtractive basis and 
thus avoid the necessity for blending, selective 
mining, and transporting one or more of the in- 
gredients. Cheaper and better cement is thus bane 
made possible. 

The third example of the way in which flota- 
tion has altered operations is in the refinement of 
potash crudes. Potassium chloride occurs in ad- 
mixture with common salt, certain sulphates, 
and minor quantities of clay. The traditional 
method of purification involves dissolution and 
crystallization through the use of controlled 
heating and cooling. This method has been re- 
placed by flotation because the latter does not 
require heat and yields suitably granular potash 
salt in proper purity. 

The progress that has resulted in the major 
industrial shifts, of which the above examples 
are typical, has been accomplished in part 
empirically and in part because of a better under- 
standing of those phenomena of physical chem- 
istry, surface chemistry, and crystal chemistry 
which make particle discrimination possible. 


Surface Chemistry in Flotation 


We have learned that a gas-adhesive surface is one 


‘ that is rather indifferent to the character and composi- 


tion of the adjoining fluid. It is perhaps most usefully 
regarded as a surface in which the atoms are not bonded 
to the water nor seeking to be bonded to it. A gas-ad- 
hesive surface is provided, for example, by a paraffin or 
naphthalene surface —in general, by a hydrocarbon 
surface. On the contrary, a water-adhesive surface is one 
in which the surface atoms are really ions or are atoms 
which were bonded by primary valence to other atoms 
from which they have been torn by force. Clearly, there 
is an intimate relationship between crystal chemistry 
and gas-adhesivity. Fig. 4 shows the behavior of a gas 
bubble toward a water-avid surface, and Fig. 5, that 
toward a gas-adhesive surface. 

A second important element in our understanding of 
the mechanism of flotation is provided by the role played 
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Holder 








Fig. 4. Whether particles will attach themselves to air bubbles and float is 
determined by the contact angle between the bubble and surface. The neg- 
ligible contact angle between air and clean galena in water indicates a water- 
avid surface, or non-floating condition. 
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Fig. 5. The contact angle of 60 degrees between mineral surface and bubble 
designates a gas-adhesive surface. In this case, galena, in a solution of potas- 





sium ethyl xanthate, will adhere to the air bubble. These two illustrations are 
from Principles of Flotation, by I. W. Wark, Australasian Institute of 


Mining and Metallurgy. 


by chemical agents in making particles air avid. These 
agents, or collectors, are generally organic ions such as 
are provided by organic salts, acids, or bases; the effec- 
tive ions consist of a hydrocarbon chain to which a re- 
active group (for example, —SH, or —C=Q) is co- 


| 
OH 
valently fastened. It has been demonstrated that the 
collector ions change places with other ions (such as 
hydroxyl, sulphate, or carbonate) already at the water- 
wetted surface. The displaced ion may have been of the 
same kind as occurs within the particle affected, or it 
may have been of a different kind, previously adsorbed 
by the particle. 
A further understanding of flotation processes is made 
possible by measurements of the thickness of collector 
coatings. Early opinions notwithstanding, measurements 
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of the extent of the surface have shown that the coatings 
do not exceed a mono-ionic layer. The surfaces are, in 
fact, fractionally complete monolayers (Fig. 6). 

In a measure, all three of these topics are related to the 
scientific aspects of selective air-solid adhesion. But it is 
almost equally important to find out how to make a solid 
fail to float, because the excellence of the separation that 
can be accomplished depends upon how completely dif- 
ferent the surfaces of the two types of solids have been 
made. One of the ways in which our knowledge in this 
direction can be increased is by getting a rather complete 
statement of the composition of the liquor. Every ion in 
the liquid is more or less able to do what the collecting 
ion does, namely, occupy a site at the solid surface as 
soon as it is vacated. The effects observed depend upon 
the relative concentration of all the effective ions. 

The elementary flotation fundamentals considered so 
far can be classed as scientific rather than engineering in 
character, although it is plainly difficult to justify such a 
classification as a hard and fast rule. There are, however, 
certain points of interest which are more nearly engineer- 
ing than scientific in character. The engineering prob- 
lems relate, for example, to such topics as rates of deple- 
tion of air-avid solid from the suspension, variation in 
the rates of depletion for particles of various sizes and 
shapes, or the mechanism of solid-gas attachment. In 
this field, also, are problems concerning the behavior of 
particles of middling surface composition, the effect of 
particle flocculation and dispersion, the effect of bubble 
size on the rate of flotation, as well as the lengths of the 
bubble and the particle paths. Problems of this general 
type are of very great practical importance and are often 
of perplexing complexity. 


Flotation Research 


Although physical chemistry and crystal chemistry 
have provided some understanding of the behavior of 
solid surfaces, many questions remain as yet unanswered 
and thus provide a fertile field for research. Research has 
a bearing not only on the engineering use of controlled 
surfaces but also on the science of surfaces — that most 
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baffling region of physical systems. A few of the questions 
that suggest themselves may be apropos in providing a 
peep into future trends: 

(1) Which pure nonhydrocarbons are floatable if un- 
contaminated? 

(2) Is it true that organic compounds containing so- 
called “hydrogen bonds” are not floatable if uncon- 
taminated? 

(3) To what extent is flotation possible in nonaqueous 
media? 

(4) Do cationic collectors operate according to the prin- 
ciples established for anionic collectors? 

(5) Do collector ions adsorbed at surfaces possess 
lateral mobility? 

(6) What is the proof that adsorbed collector ions are 
situated at definite loci? 

(7) Are collector coatings so systematic as to constitute 
truly two-dimensional crystals? 

(8) Is the high adsorbability of collector ions due to 
some peculiar properties of two-dimensional crystals? 

(9) Can direct proof be obtained to supplement indi- 
rect inference that collector coatings are orientated with 
the hydrocarbon end away from the solid surface? 

(10) To what extent do the relative concentrations of 
the various ions in the flotation liquor control the relative 
densities of these ions at the solid surface? 

(11) Is it possible to construct an apparatus that will 
read the ion concentration in a dilute liquor and to re- 
cord it continuously if the liquor is changing? 


Flotation — A Chemical Engineering 
Unit Operation 


Clearly these various problems require the application 
of the newest methods of modern physics and chemistry, 
including electron diffraction, the use of radioactive 
tracer atoms, surface measurement by low-temperature 
gas-adsorption, in addition to many of the methods 
already widely used in mineral dressing research. 

In conclusion, let us recall that the successful applica- 
tion of trained bubbles to the selection of particles is 
essentially a problem in chemi- (Concluded on page 504) 





Gustav Preller 


Fig. 6. Arrangements of xanthate ions (shaded areas) at galena surface. The lead atoms are represented by the small circles, the sulphur 
atoms by the large circles. This diagram illustrates the present belief that lack of register between coat and substratum (left) is unlikely as it 
would call for nonselectivity in adhesion, whereas when coat and substratum are in register a good reason is apparent for formation of an 


effective coating. The distance, center to center, between nearest lead atoms is approximately 4.19 A. 
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Industrial Management 


professor of industrial management in the Depart- 
ment of Business and Engineering Administration 
has been announced by President Compton. 

The new chair of industrial management is endowed by 
a gift of $350,000 which was presented to the Institute 
last year by Alfred P. Sloan, Jr., 95, chairman of the 
board of General Motors Corporation. The program 
which this gift makes possible has as its objective the 
advancement of professional education for executive and 
administrative responsibility in the wise and skillful 
industrial management of American business enterprise. 

Dr. Compton also announced the establishment of a 
Sloan lectureship in industrial management closely re- 
lated to the work of the new professorship. During each 
academic year a small group of outstanding industrial 
leaders will be invited, on short leave from their companies, 
to make direct contributions to the program in such fields 
as production, industrial management, and the relations 
of business to government. The lectureship is expected 
to maintain close and important contacts with actual 
experience in the field of business and in so doing to 
contribute its part in raising the standard of American 
business management and in meeting the challenge of the 
difficult times ahead. 

“The complex problems of return to an economy of 
peacetime production,” Dr. Compton said in announcing 
Professor Brown’s appointment, “leave no doubt of the 
need fora better understanding of the fundamental factors 
of human relationships and business administration in 
American industry. The nation is now confronted with 
questions of readjustment and reconstruction which in 


Tec appointment of Douglass V. Brown as Sloan 


Captain Lybrand P. Smith, 
United States Navy (re- 
tired), Professor of Naval 
Engineering in the Depart- 
ment of Naval Architecture 
and Marine Engineering, 
receives the Legion of Merit 
from Captain William H. 
Buracker, ’30, commanding 
officer of Naval Training 
Schools at the Institute, for 
“exceptionally meritorious 
conduct in the performance 
of outstanding services to 
the government of the United 
States as assistant co-or- 
dinator of research and 
development.” 


many respects are more difficult to answer than those 
arising from the war itself. 

“Professor Brown’s appointment as Sloan professor of 
industrial management will strengthen and expand by 
research and instruction a program which is already well 
established at the Institute. 

“‘Professor Brown will have the assistance of an inter- 
departmental committee, of which he will be chairman, 
composed of Professor Erwin H. Schell, 12, Head of the 
Department of Business and Engineering Administra- 
tion, and Professor Ralph E. Freeman, Head of the 
Department of Economics and Social Science. This 
committee was established to co-ordinate the research 
and teaching activities of the two Departments in those 
areas of economics and business administration in which 
there is a common interest. It will also explore the pos- 
sibilities of research along new lines and encourage in- 
vestigations in those fields that seem most promising. 
The-committee will have the additional responsibility of 
developing teaching programs that will most effectively 
serve the needs of all Departments in the Institute.” 

Professor Brown joined the staff of the Institute in 
1938 as assistant professor of industrial relations and 
was made associate professor in 1940 and full professor 
in 1943. He is a native of Wilkes-Barre, Pa., and was edu- 
cated at Harvard University, where in 1925 he received 
the degree of bachelor of arts. A year later he completed 
the work for the master’s degree in arts and continued in 
graduate work, which led to the degree of doctor of 
philosophy in 1982. From 1927 to 1983 Professor Brown 
was instructor in economics at Harvard University, and 
from 1933 to 1938 he was assistant professor of medical 
economics in the Harvard Medical School. 

In 1940 Professor Brown was appointed consultant to 
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Captain Charles D. Wheelock, ’23, appointed professor of naval 
construction as of May 1 


the United States Department of Labor and was con- 
sultant to the War Department from 1942 to 1943. He 
held various positions with the advisory commission to 
the Council on National Defense and the Office of Pro- 
duction Management in 1940 and 1941. In the latter year 
he was a member of the staff of the Harriman-Beaver- 
brook mission to Russia. From 1944 to 1945 Professor 
Brown was a public member of the New England Re- 
gional War Labor Board. He has served as an impartial 
arbitrator under numerous agreements between manage- 
ment and labor unions. 


Naval Construction 


Ceren CHARLES D. WHEELOCK, United 
States Navy, who is affiliated with the Class of 1923, 
has been appointed professor of naval construction in the 
Department of Naval Architecture and Marine Engineer- 
ing and came to his new post in May under orders of the 
Navy Department. 

As professor of naval construction Captain Wheelock 
will take charge of the graduate course for naval con- 
structors and engineers, which has been given to selected 
officers of the United States Navy and Coast Guard and 
foreign navies for a number of years. The former head of 
this course was Professor Henry E. Rossell, ’15, who was 
given a leave of absence in April, 1943, to serve as presi- 
dent of the Cramp Shipbuilding Company in Philadel- 
phia and who has now resigned. During this period 
Professor George C. Manning, ’20, has been in active di- 
rection of the course in addition to performing his regu- 
lar academic functions as professor of naval architecture. 





Captain Wheelock brings to his new post a broad fund 
of engineering experience gained by many years in the 
Navy, including the critical war years during which he 
helped develop the latest designs and techniques. He is an 
authority on ship design and was on duty in the design 
branch of the Bureau of Ships from 1936 to 1944 and was 
head of design from 1948 to 1944, when he became 
production officer at the Mare Island Shipyards. His 
experience includes not only design but the construc- 
tion and repair of all types of naval vessels, which be- 
came important responsibilities of the Navy during 
the war. 

Captain Wheelock is a native of Riverside, Calif., 
where he was born in 1897. He entered the United States 
Naval Academy in June, 1917, and was commissioned an 
ensign in June, 1920. He did graduate work in naval 
construction at the Institute and in 1924 received the 
master’s degree in naval construction. 


Academy Seats 


N April 24, at the close of its spring meeting, 29 leaders 

in science, including two Alumni and one staff mem- 

ber of the Institute, were elected to membership in the 

National Academy of Sciences. Highest honors in the 

field of science were thereby accorded to Frederick E. 

Terman, ’24, professor of electrical engineering at Stan- 

ford University, Kenneth T. Bainbridge, ’25, professor of 

physics at Harvard University, and George Scatchard, 
Professor of Chemistry at M.I.T. 

Dr. Terman received the degrees of bachelor of arts 
and electrica! engineer from Stanford University in 1920 
and 1922, respectively, and the degree of doctor of science 
from the Institute in 1924. Since 1925 he has been in the 
department of electrical engineering at Stanford Univer- 
sity, where he became professor of electrical engineering 
and executive head of the department in 1937. From 1942 
until the end of the war he was director of the Radio 
Research Laboratory at Harvard University, where radar 
countermeasures were developed. He was also a member 
of the National Defense Research Committee during the 
war. He has published numerous papers on electrical 
communication topics and several books on radio en- 
gineering. In 1940 he was vice-president and in 1941 
president of the Institute of Radio Engineers. 

Dr. Bainbridge studied at M.I.T. and received the 
degrees of bachelor of science and master of science in 
1925 and 1926, respectively. From Princeton University 
he received the degree of master of arts in 1927 and, two 
years later, the degree of doctor of philosophy. From 
1929 to 1931 he was a National Research fellow in physics, 
from 1931 to 1933, a fellow of the Bartol Research Foun- 
dation, and in 1933 and 1934, a Guggenheim Memorial 
Foundation fellow. In 1934 he became assistant profes- 
sor of physics at Harvard University, was advanced 
to associate professor in 1939, and will become a full 
professor as of July 1. From 1937 to 1940 Dr. Bainbridge 
was associate editor of the Physical Review, and during 
the war he was consultant for the National Defense 
Research Committee. He received the Louis Edward 
Levy Medal of the Franklin Institute in 1933. 

Dr. Scatchard received the degree of bachelor of arts 
from Amherst College in 1913 and the degree of doctor of 
philosophy from Columbia University in 1917; he was a 
Goldschmidt fellow at Columbia in 1915 and 1916. He 
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taught chemistry at Columbia between 1914 and 1917, 
was associate professor of chemistry at Amherst from 
1919 to 1923, and then came to the Institute as a Na- 
tional Research fellow and in the following year joined 
the M.I1.T. Faculty as assistant professor. He was made 
associate professor in 1926 and professor in 1937. 

In 1931 and 1932 Dr. Scatchard was a Guggenheim 
Memorial Foundation fellow. He was associate editor of 
the Journal of Chemical Physics from 1941 to 1943 and 
has been associate editor of the Journal of the American 
Chemical Society from 1943 to the present time. During 
the war Dr. Scatchard devoted half his time to working 
on the fractionation of the plasma proteins for military 
purposes. Since February, 1943, he has spent half his 
time with the S. A. M. (Substitute Alloyed Materials) 
Laboratory of the Manhattan Project, directing research 
on the fractionation of uranium isotopes. 


Medical Director 


HE appointment of Dr. Dana L. Farnsworth, now 

director of health at Williams College, as director of 
the Medical Department at the Institute was announced 
recently by Dr. Compton. 

Dr. Farnsworth, who will join the staff of the Institute 
next autumn, will succeed Dr. George W. Morse, who 
will retire at the end of the year. Dr. Morse has been 
medical director of the Institute since 1920, and under 
his administration the Medical Department has grown 
from a one-room building, which served as a first aid sta- 
tion during the construction of the Technology buildings, 
to the well-equipped Homberg Memorial Infirmary, 
which provides the most modern medical facilities for the 
students and staff of the Institute. 

Under Dr. Morse the Department has developed to the 
point where a full-time medical director is necessary, 
and Dr. Farnsworth will devote his entire attention to 
the Institute’s medical program which not only takes 
into consideration medical treatment but offers expert 
guidance in the care and conservation of physical and 
mental resources. Prevention of illness is stressed in the 
Institute’s health program, and students and staff are 
encouraged to avail themselves of its facilities for the 
slightest indisposition. Last year, through alterations and 
remodeling, the capacity of the infirmary was increased 
to 39 beds. 

In addition to its facilities for general medical service, 
the Department maintains psychiatric, dental, and eye 
clinics as well as complete x-ray and pathological labora- 
tories and a modern operating room. The medical director 
is assisted by a staff of physicians and nurses. 

Dr. Farnsworth is a native of Troy, W. Va. He was 
graduated with the degree of bachelor of arts from West 
Virginia University in 1927 and continued his work to 
win the degree of bachelor of science in 1931. From 1927 
to 1929 he taught chemistry and physics in the high 
school of Barrackville, W. Va., and then entered the 
Harvard Medical School, from which he was graduated in 
1933. Dr. Farnsworth served his internship at the Massa- 
chusetts General Hospital from 1933 to 1935, when he 
became assistant resident in the sanatorium division of 
the Boston City Hospital in Mattapan. He holds the 
diploma of the American Board of Psychiatry and Neu- 
rology. From 1935 to 1945 Dr. Farnsworth was assistant 
director of health at Williams College and was granted a 


leave of absence to enter the medical corps of the Navy, 
in which he served as a commander on active duty from 
1941 to October, 1945. During this period he was on the 
neuropsychiatric staff of naval hospitals in Philadelphia, 
Pa., Oakland, Calif., Bethesda, Md., and Palm Beach, 
Fla. From 1942 to 1943 he served as a medical officer on 
the U.S.S. Solace in the South Pacific. 

Dr. Farnsworth is a member of Alpha Sigma Phi, Phi 
Beta Pi, and Phi Lambda Upsilon fraternities. 


Technology of Peace 


LUMNI DAY, Saturday, June 8, will provide the first 
opportunity since the ending of the war for M.I.T. 
graduates to inspect exhibits portraying the Institute’s 
contributions in winning the peace, to renew the pre- 
war custom of attending symposia on a topic of current 
importance, and to partake of the popular Stein-on-the- 
Table Banquet. 

The theme of this year’s Alumni Day Symposium will 
be “The Technology of International Peace.” Following 
luncheon in Du Pont Court, the symposium will be 
held at 2:30 p.m. in Morss Hall of Walker Memorial. 
In commemoration of the centennial of the birth of 
Thomas A. Edison, whose life work was dedicated to 
peaceful technological progress, the symposium chairman 
will be Charles Edison, ’13, President of Thomas A. Edi- 
son, Inc., formerly Secretary of the United States Navy, 
and ex-governor of New Jersey. 

That science and technology will be required to play 
a role in peacetime as important as that which it took 
up during the war will be emphasized by symposium 
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Dr. Dana L. Farnsworth will join the Institute’s staff next fall as 
director of the Medical Department. 
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speakers, each of whom will discuss a separate phase of 
the technology of international peace. Symposium speak- 
ers will be: 

Vannevar Bush, 16, President of the Carnegie Insti- 
tution of Washington, Director of the Office of Scientific 
Research and Development, and formerly Dean of En- 
gineering and Vice-president of the Institute, will deal 
with the limitless opportunities for technology to con- 
tribute to peace. 

Henry A. White, President of the Hawaiian Pineapple 
Company, Honolulu, T. H., will draw on his experience 
in food production in the Orient to discuss recent ad- 
vances in food technology. 

Norman J. Padelford, Professor of International Rela- 
tions at the Institute, consultant, Department of State 
of the United States, member of the United States Dela- 
gation to the Dumbarton Oaks Conference, and execu- 
tive officer, San Francisco United Nations Conference, 
will discuss international relations in a technological age. 

At 7:00 p.m. the Hotel Statler in Boston will be the 
scene of the Stein-on-the-Table Banquet where, as usual, 
seating will be by classes. An invitation is extended to the 
wives of Alumni to attend the banquet and other Alumni 
Day activities. 

The banquet address, “Looking Forward from a 50- 
Year Background,” will be given by Paul W. Litchfield, 
96, chairman of the board, Goodyear Tire and Rubber 
Company, Inc. President Compton will also address 
Alumni on peacetime problems confronting the Institute. 

Arrangements for Alumni Day are under the general 
direction of William L. Campbell, ’15, chairman. Chair- 
men of committees are: Ladies: Mrs. Leicester F. Hamil- 
ton; Ways and Means: Horace S. Ford; Transportation 
and Hotels: Emmons J. Whitcomb, ’11; Publicity: Ralph 
T. Jope, 28; Exhibits: Herbert L. Beckwith, ’26; Ar- 
rangements for Symposium: Edward R. Schwarz, 23; 
Luncheon: John B. Wilbur, ’26; Banquet: Parke D. Appel, 
22; and Registration: Wolcott A. Hokanson. 





Under the jurisdiction of the M.I.T. Nautical A ssociation, dinghy sailing for students and staff completes 
a decade of popular outdoor relaxation, 








Nautical Decade 


HIS spring marks the tenth anniversary of the 

M.1.T. Nautical Association; it also establishes a 
new milestone in the career of the Inter-Collegiate Yacht 
Racing Association, for it was through the facilities 
offered for sailing at the Institute that the I.C.Y.R.A. 
and college sailing as a sport have prospered during the 
past decade. 

Although college yacht clubs are not a particularly 
new development (such organizations existed at Brown, 
Harvard, M.I.T., and Yale in the Nineties), their activi- 
ties were largely social, and they died out after World 
War I. During the Twenties, Princeton, Harvard, and 
Yale held annual races on Long Island Sound. In 1931- 
1933 “‘frost-bite” dinghy racing skyrocketed to popular- 
ity, and collegiate sailing became firmly re-established. 

By 1935 Erwin H. Schell, ’12, Head of the Department 
of Business and Engineering Administration — who had 
long been interested in seeing the Charles River Basin 
used for water sports other than crew racing — the late 
Henry A. Morss, ’93, George Owen, ’94, Professor Emeri- 
tus, Walter C. Wood, ’17, and John C. Austin, ’36, be- 
came instrumental in organizing the M.I.T. Nautical 
Association. To aid in fostering sailing activities on the 
Charles River, President Compton arranged a meeting of 
prominent Boston yachtsmen, including graduates of 
Harvard as well as of M.I.T. The Nautical Association 
was born at this meeting, and the Institute was promised 
gifts of several boats. Originally a dozen or more dinghies 
were to be housed in the Technology crew boathouse, 
but the plan met with such enthusiastic response that 
long before the spring of 1936 a fleet of 37 dinghies, de- 
signed by Professor Owen, had been subscribed. In addi- 
tion, funds for building a boathouse had been obtained. 
With such active support other boats were soon added 
until the M.I.T. sailing fleet numbered 46 boats. 

The primary purpose of the M.I.T. Nautical Associa- 
tion was to provide rec- 
reational sailing and 
training for Technology 
students, and it quickly 
fulfilled that purpose. In 
the first year more than 
500 students took advan- 
tage of the facilities of- 
fered, and the number of 
participants increased 
steadily until by 1941 
there were more than 900, 
or about one-third of the 
entire student body. Rec- 
ords show that during 
these years boats were in 
use in excess of 16,000 
man-hours of sailing 
annually. 

Students not only were 
taught to sail a boat but 
were given a sound course 
in seamanship under the 
able direction of Walter 
C. Wood, sailing master. 
Before the first dinghy 

(Continued on page 506) 
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stated that “the Engineer considers it absolutely neces- 
sary that every ring should undergo a test when finished.” 
(A “ring” was a coil of wire about 840 feet long; there 
would be about 100,000 such rings.) Thousands of tests 
were necessary, in 50-foot, five-foot, and one-foot lengths 
for tension, as well as a bending test, which required the 
winding of a one-foot length from each ring around a rod 
one-half inch in diameter. 

For two years preparations for starting the cablemaking 
had been under way. Each cable was to be an integral 
structural member, two thirds of a mile long from anchor- 
age to anchorage; it would be sensitive to varying effects 
of temperature, wind, and uneven distribution of the mov- 
ing loads on the bridge. To take its share as a part of 
the cable as a whole, each of its small wires must be strung 
with a sag to accord with the prevailing temperature. 
The stringing of these wires must be accomplished during 
the widely varying winds, rains, and temperatures of a 
northern climate, from an aerial temporary structure over 
a busy river. 

The 680-ton cables were too heavy and long to be put 
together alongshore and erected from flatboats, as were 
the four and one-half inch diameter cables of the earlier 
Roebling Monongahela Bridge. Instead, a steam-pro- 
pelled spinning wheel, attached to an endless cable, which 
was driven by a steam engine located near the Brooklyn 
tower, carried bights of wire across the river from anchor- 
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age to anchorage to make one strand. Nineteen strands 
were squeezed to the circular form of one main cable. 

It is hard to imagine any other construction process 
involving such painstaking adjustment of such ultimately 
huge members as the regulation of the individual wires 
and the strands of a suspension bridge cable. The closest 
teamwork by men at the anchorages, on the towers, and 
along the cable over the channel and land spans was nec- 
essary. Today such work is made easier through the use of 
telephones and dozens of electrical signal circuits. A con- 
trol house is located in the center span, with gauges and 
dials, and sag readings are facilitated by the use of il- 
luminated level-rod targets. Motors do the work, and the 
men record their readings, comparing them with the 
tables of sags according to temperature. It is still a con- 
scientious task, as guide wires are adjusted to serve as a 
standard for the remaining wires of the strand, as the 
strands are adjusted and shifted to final position at 
anchorages, and as the strands are transferred to the 
tower-top saddles. As we read of 18 men pushing at six 
wooden levers to transfer a strand to its final position in 
the tower saddle, we visualize the huge steel balance 
beams now used for a similar operation and the 150-ton 
hydraulic pulling jacks at anchorages. Then, as now, the 
regulating must be done when the sun is not shining, with 
no wind blowing, and with no rain. 

When spliced with the threaded couplings, the wire of 
any one strand was in effect an endless single wire 189 
miles long, which started at the strand shoe-eye at Brook- 

(Continued on page 502) 





Well, if you’re like Garth Williams, distinguished illus- 
trator of best-selling “Stuart Little,” you execute him in 
Higgins Ink, for every shade of your meaning, every 
aspect of your purpose is shown in true value and per- 
spective when executed with Higgins American Draw- 
ing Inks. Higgins Inks are the master medium—giving 
complete control and facility of use, adding character to 
every line, bringing precision performance to the point 
of your pen, 
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lyn, went up over the Brooklyn tower, swept across the 
river to the New York tower, and descended to the eye of 
the strand shoe at the New York anchorage, making this 
circuit 278 times. Disaster came on the fifteenth strand 
of the uptown cable, when the shifting tackles broke. 
Two men were killed as the strand screeched along New 
York rooftops to the tower, then slithered down to the 
river, and sank, just missing a crowded ferryboat. 

The completed strands were squeezed into the 1534- 
inch cables, which have a steel wrapping that has proved 
so effective against weather that wires which were re- 
cently removed from the cables for testing were found to 
be preserved in practically the same state as when orig- 
inally strung. 


The Floor System 


Lest the unspectacular, light-membered floor system of 
the Bridge appear as an anticlimax, we should transport 
ourselves back into the period of its construction and 
read of the troubles encountered in making the members 
of steel instead of wrought iron. The Edge Moor Iron 
Company had steel contracts for 6,700 tons. To explain 
the long delays the Edge Moor president listed the delayed 
members: six-inch channels and beams, nine-inch chan- 
nels, and eyebars for the trusses — all minor sizes today. 
It was supposed that the eyebars could be made of steel 
as eyebars of iron had been made, but four months of 
costly experimenting was required. The company’s presi- 






dent said, “It may be said without fear of contradiction 
that the work covered by:these contracts is unusual and 
of extraordinary character.” 

The plank wearing surface of the roadway had to be 
renewed about twice a year. With the drivers throwing 
down lighted cigars on the roadway, which was covered 
with fine splinters, gouged by the horses’ feet, fire pro- 
tection became necessary. Standpipes were installed, and 
portable extinguishers were provided for the police, who 
had to put out several fires. 

Of course, the Bridge would have the latest method of 
illumination: 70 carbon are lamps of 7,000 candle power 
each. 


Consummation 


A spirit of dogged enthusiasm is evident throughout 
the engineering reports of the resourceful Bridge builders 
who toiled for 13 years to overcome the hazards of winds, 
quicksands, and the swift tides of the East River. Even 
the mounting loss of human lives, which finally reached 
20, failed to dampen the engineers’ determination to com- 
plete to the high standards of their dead chief, John 
August Roebling, this most famous of all bridges. Not 
only did they have to meet each engineering difficulty 
but they had to carry on in the atmosphere of bitter op- 
position that prevailed from beginning to end — marked 
by the continued fight for funds, the objections of ship- 
builders, and the usual caustic comments of shortsighted 
persons who failed to envision the marvelously beneficial 
effects on the growth of the metropolis which the Bridge 

(Concluded on page 504) 
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First there had to be power. 

Before Nagasaki, Hiroshima or New Mex- 
ico... before a single production wheel could 
be turned to manufacture atontic bombs, it 
was necessary to provide a large source of 
steam electric power. 

The initial step was the immense new high 
pressure steam electric station at the Clinton 
Engineer Works, Manhattan District, Oak 
Ridge, Tennessee. 


Combustion Engineering was given the im- 
portant task of constructing the steam gen- 
erating units required for the project. Three 
units were installed which together consume 
120 tons of coal per hour and supply all the 
steam that is required for power generation. 


Sixty-five hundred tons of steel, including 
two hundred miles of alloy and steel tubing, 
were used in the construction of these units, 
each of which is as high as a twelve-story 
building. Delivering steam at fourteen hun- 
dred pounds pressure, with pulverized coal as 


fuel, they rank among the world’s largest and 
most efficient. 

Constructed under war conditions, with 
time the vital factor, these huge steam genera- 
tors were designed, built and placed in service 
in one-half the normal time. It was only ten 
months after the War Department ordered 
them that the first unit was producing the 
power that ultimately resulted in the creation 
of the atomic bomb. 


For this and other contributions to atomic 
bomb production, Combustion Engineering 
was one of the companies that was given the 
Seventh Biennial Award for Chemical En- 
gineering Achievement. A-951 


Combustion 
EMGIMEENING 


200 MADISON AVENUE, NEW YORK 16, N. Y. 












































© Every magnet individually tested 
in loud speaker structure before 


shipping .. . 









® Every magnet meets R. M. A. 
proposed standards .. . 








®* Every magnet meets Arnold's 
minimum passing standards of 
4,500,000 BHmax. 









Here’s what the individual touch 
means. Thousands of the nine 
different sizes of speaker mag- 
nets shown at right are now be- 
ing turned out daily. Each one is 
individually tested in a loud 
speaker structure before ship- 
ping. Each magnet is made to 
meet R. M. A. proposed standard 
for the industry. Each magnet 
must meet Arnold’s own mini- 
mum passing standard of 4,500,- 
000 BHmax for Alnico V ma- 
terial. Thus by careful attention 
to the important “individual 
touch” in volume production can 
Arnold promise you top quality 
in each individual magnet you 
select. 
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was to provide. It is not for us, however, to criticize our 
forebears for deficiencies of foresight; rather do we ad- 
mire them for their courage and perseverance in the face 
of almost insuperable difficulties and handicaps. 

Even within a few months of the Bridge’s completion 
a newspaper editorial asked, “‘ Will It Ever Be Finished?” 
For more than a decade Harper’s Weekly, Scientific Amer- 
ican, and other popular magazines of the period had re- 
corded the difficulties, progress, and problems of con- 
structing the high road to Brooklyn. Views of the Bridge 
were shown in stereoscopes, which occupied a prominent 
place next to the red plush family album in the parlors 
of the 1880's. 

Prone for generations to boast of its superlatively 
huge enterprises, New York looked on the greatest yet 
with mixed emotions; for many still doubted the safety of 
the now nearly completed Brooklyn Bridge. In the spring 
of 1883 came the test, for the Bridge was finished and 
ready for its dedication. 

Pomp marked the opening ceremonies on Bridge Day, 
May 24, 1883, which was declared a public holiday. There 
were parades in New York and Brooklyn; sailors bravely 
manned the yards of the marine procession of Civil War 
men-of-war which sailed up the East River and passed 
under the Bridge. The climax came as the President of 
the United States, Chester A. Arthur, and Governor 
Grover Cleveland, soon to be president himself, led the 
procession of notables from New York to meet a similar 
group of Brooklyn officials at the Brooklyn tower of the 
Bridge. 

A few months later, Jumbo, hugest of all pachyderms, 
marched across the Bridge at the head of a long line of 
27 other elephants, and those citizens of New York who 
had continued to doubt now had no further fears as to the 
safety of the Bridge. They could drop their unwonted 
restraint and boast of their greatest bridge in the world. 
And did they boast! 

The masterpiece of the master bridge builder, John 
August Roebling, was a success. 


cfr 


DISCRIMINATING PARTICLES AND 
WORKING BUBBLES 
(Concluded from page 494) 


cal engineering wherein the operation of the flotation unit 
on sound scientific and engineering bases is co-ordinated 
with the operation of associated units to produce most 
economically the desired separations. The flotation proc- 
ess is often classified and taught with mining engineer- 
ing or metallurgy because of its close relationship to the 
mineral industry. From time to time, it is useful to view 
it in its broader aspect as a unit operation of chemical 
engineering capable of solving problems other than those 
arising from civilization’s unsatiable demand for metals. 
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d Nearly half a century ago, George Westinghouse developed 

. a revolutionary steam turbine that supplanted the steam en- 
gine as a driving force for central station generators. 

. Always vitally interested in better transportation, Westing- 
house quickly realized that here was the ideal power source 
for ship propulsion. Because of its compactness, the steam 
turbine would permit more space for fuel . . . reduce weight 
and vibration ... assure far greater fuel economy. 

But there was one difficult engineering problem that no 
one had yet solved—an efficient means for coupling the rapidly 
whirling turbine shaft with the ship's slow-moving propeller. 
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Launching a New Era... 


George Westinghouse supplied this missing link—with the 
help of marine experts, Rear Admiral Melville and John H. 
MacAlpine—by developing the first practical gear-reduction 
turbine drive. 

After six long years of study and experiment, Westinghouse 
built two 3250 horsepower geared turbines which were in- 
stalled in the collier, U. S. S. Neptune — launched on June 
21, 1912. 

The trial run was a notable success. It was one of the great 
achievements of George Westinghouse’s remarkable career — 
for it initiated a completely new epoch in marine propulsion. 


Westinghouse 


PLANTS IN 25 CITIES Orfices EVERYWHERE 


TODAY — The world’s greatest warships and maritime vessels 
are powered by reduction-geared turbines, pioneered by George 
Westinghouse in 1912. Many of them are driven by Westinghouse 
propulsion equipment. Recently, the U. S. Aircraft carrier Lake 
Champlain crossed the Atlantic at the record-breaking average 
speed of 32.048 knots. The geared turbines in the Lake Champlain 
—as well as in all other Essex class carriers — proudly bear the 
nameplate of the Westinghouse Electric Corporation. 
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was launched, Robert W. Vose, °31, and several experi- 
enced students conducted shore schools in which were 
taught the principles of sailing, basic seamanship, in- 
cludiig knot tying and nomenclature, and the rules of 
the road. Hardly more than 10 per cent of the Institute 
students who have participated in the sailing program in 
the past decade have had sailing experience prior to 
entering M.I.T. 

Every man who participates in sailing with the Nau- 
tical Association has to pass certain tests and advance 
through various ranks from novice, to crew, to skipper, 
to racing skipper, to coxswain, and to boatswain, although 
not all participants reach the higher grades, One of the 
lessons to come out of the M.L.T. sailing program is that 
competition breeds good helmsmen. 

Between 1936 and 1940 college sailing, in which the 
M.I.T. Nautical Association played a leading role, en- 
joyed steady growth. From a membership of eight, the 
Inter-Collegiate Yacht Racing Association grew to 20 
members by December, 1941. In 1937 the I.C.Y.R.A. 
sponsored a dinghy championship for which M.I.T. pre- 
sented the Henry A. Morss trophy. Although many din- 
ghy races were held on the Charles River, the I.C.Y.R.A. 
early adopted a policy encouraging sailing in other 
localities, and its long-range aim is a single governing 
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SINGLELIFTS 

SKIDS PALLETS 
PRODUCTION LIFTERS 
ELECTRIC, GAS-ELECTRIC 





The L-S list of products is extensive,—a complete line on wheels. 
Engineering experience and personnel of the highest calibre,— 
manufacturing facilities both ample and modern in every respect, 
—service of a kind which has made Lewis-Shepard a buy-word 
at many plants throughout the highly industrialized U.S.A.,—and 
across the water, too! 


LEWIS-SHEPARD PRODUCTS, 


251 Walnut Street, Watertown, Mass. °¢ 


HYDRAULIC HANDLIFT TRUCKS 


CRANES 
AND GASOLINE 





body for college yachting, composed of component mem- 
bers, or district or sectional associations. 

During the war it was not possible to maintain the 
same interest in collegiate sailing that existed prior to 
1942. This was particularly true for colleges not having 
ready access to bodies of water, but all college sailing suf- 
fered from the war program. The Institute, for example, 
lost the services of its capable and energetic sailing mas- 
ter, Mr. Wood, to war activities, and responsibility for 
wartime management of the Nautical Association fell to 
Donald C. Stockbarger, °19, Associate Professor of 
Physics. Particularly during the critical war period, but 
also during his entire office as secretary-treasurer of the 
Inter-Collegiate Yacht Racing Association, Leonard M. 
Fowle, 01, stimulated and maintained interest in inter- 
collegiate sailing. With the return to peacetime curricula 
and an unusually large postwar enrollment in the colleges, 
renewed interest in competitive sailing is anticipated. 

Certain rewards have come to M.I.T. as a result of its Ff 
program of student sailing and its close association with § 
the I.C.Y.R.A. One has been the phenomenal success of 
M.L.T. sailing teams which, in the past 10 years, have 
won more than 50 major regattas held under the auspices 
of the I.C.Y.R.A. This number is two and one-half times 
the number of victories scored by either of the two in- 
stitutions who stand next on the list — Harvard and the 
Coast Guard. However proud M.I.T. may be of its com- 
petitive record, the men who have sponsored or assisted 
in the development of the Nautical Association feel that 
an even greater and more lasting achievement is in the 
(Continued on page 508) 
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Ras Lummus has been selected 
— by two more major refiners — to 
build two complete plants for the 
production of high yields of high 
viscosity index, low pour lubricat- 
ing oils. In the design of these 
plants particular study was given to 
recent developments and the eco- 
nomics of various methods of wax 
production. 

This brings the total of Lummus 
solvent refining plants to sixteen 
and Lummus solvent dewaxing 
plants to twenty-one, a large pro- 
portion of the world’s solvent refin- 
ing capacity. 

With a well-earned leadership in 
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LUBE OIL PLANTS = 


More than 4,000 barrels 
of finished oil per day 
with wax production 











lube oil evaluations including pro- 
pane deasphalting, solvent refining, 


the design and construction of com- 
plete lube oil plants, Lummus offers 


the refiner complete development, 
designing and construction service. 
Lummus engineers are ready to 
study the problems of individual re- 


solvent dewaxing, and clay finishing. 

If you are contemplating the con- 
struction of a modern plant for the 
economical production of premium 


For further information on lubricat- 
ing oil and other processes, write for 
a copy of “Petroleum Refining Proc- 
esses” containing last minute data, 
flow sheets and photographs. 
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lubricating oils and wax — put your 
problem up to Lummus. 


finers, project processes and plants 
through semi-commercial scale op- 
eration and deter- 
mine construction 
and operating costs 
for a thorough study 
of the economics of 
each individual proj- 
ect. Lummus labora- 
tories and pilot plants 
have every facility for 
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The 19th Benzol-Ketone Plant Built by Lummus 
For The Production of Low Pour Lubes and Wax. 


THE LUMMUS COMPANY 


420 Lexington Avenue, New York 17, N. Y. 
600 South Michigan Avenve 634 South Spring Street 
Chicago 5, Ill. Los Angeles 14, Calif. 
Mellie Esperson Bldg. 78 Mount Street 
Houston 2, Texas London, W. 1. England 
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This is one of many testing rooms used in our 


never-ending efforts to improve the quality of 
Simplex products for you. 





SIMPLEX WIRE & CABLE CO. 


79 SIDNEY. STREET 
CAMBRIDGE 39, MASS. 








Hevi Duty Electric Co. 


Electric Furnaces 
MILWAUKEE, WISCONSIN 


Hevi Duty Precision Electric Heat 
Treating Furnaces are built in a large 
variety of types and sizes — for many 
heat treating operations — with tem- 
perature ranges to 2500° F. (1371° C.). 
They are standard production equip- 
ment in many national industrial plants. 


Write for descriptive bulletins 


HAROLD E. KOCH ’22, President 
GEORGE A. CHUTTER ’21, Vice President 
ELTON E. STAPLES ’26, District Manager, Cleveland 


BRUNO H. WERRA ’32, Director of Research 
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contribution to the development and growth of college 
sailing throughout the continent. Equally important has 
been the Institute’s gain in obtaining nearby recreational 
area to supplement its relatively meager grounds in 
urban Cambridge. 

With renewed interest in postwar sailing at the Insti- 
tute, a number of regattas will be held this spring. In- 
terest in sailing may be expected to take an added step 
forward this summer since Mr. Wood is expected to 
return to the Institute in August to resume his activities 
as M.I.T. sailing master. 


Promotion and Retirement 


OHN CHIPMAN, Professor of Process Metallurgy 
at M.I.T. since 1937, has been appointed head of the 
Department of Metallurgy, it was recently announced by 
President Compton. Professor Chipman will succeed 
Professor Robert S. Williams, ’02, who retires on July 1 
after 44 years of service on the Institute’s staff. 

Professor Williams, who was deputy dean of engineer- 
ing from 1944 to 1946 and has been head of his Depart- 
ment since 1937, is a widely-known authority in the field 
of metallurgy and has been associated with the Institute 
as a member of the staff since 1902, the year in which 
he was graduated from M.I.T. Later he studied abroad 
and returned to accept a staff position at the Institute. 
He has been largely responsible for the establishment of 
Technology’s course in physical metallurgy, which in- 
cludes the heat treatment of alloys and their x-ray 
examination. 

During the war Dr. Williams was a member of the 
National Research Council’s committee on the war uses 
of beryllium. He was also a member of a metallurgical 
group attached to the chemistry section of the National 
Defense Research Committee, which later was joined 
with the War Metallurgy Committee. From 1942 to 
1946 Dr. Williams was metallurgical adviser to the 
Quartermaster General. As professor emeritus he will 
continue on a part-time basis in the Department and 
will serve as dean of Army and Navy students. 

To his new post as head of the Department of Metal- 
lurgy, Dr. Chipman brings exceptionally broad experi- 
ence in technical education and industrial processes. 
Internationally known for his research in metallurgy and 
physical chemistry, he directed at the Institute one of the 
early metallurgical problems associated with the develop- 
ment of the atomic bomb. In 1943 Professor Chipman 
was given a leave of absence to go to the University of 
Chicago as chief of the metallurgy section of the Man- 
hattan District Project there. 

Dr. Chipman was associate director of research of the 
American Rolling Mill Company from 1934 until 1937, 
when he joined the staff of the Institute’s Department of 
Metallurgy. In 1934 he was awarded the Howe Medal of 
the American Society for Metals, and in 1939 he was 
chosen to receive the Hunt Award of the American In- 
stitute of Mining and Metallurgical Engineers. In 1945 
he was elected a director of the American Society for 
j (Continued on page 510) 
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CAST STEEL FORGED STEEL NEW STANDARD FORGED 
PORT CAPACITY TOUGHNESS STEEL PERCENTAGE PISTON 
VALVE BODY 


New Forged Steel Globe Type Valve Body Now Standard 
with Masoneilan Percentage Piston Control Valve 


The wide flow range with equal percent- incorporated in a FORGED STEEL GLOBE 
age flow characteristics of the Masoneilan TYPE kody of improved design. 
Percentage Piston control valve has been _ The new design features: 


1. BOLTED BONNET construction facilitates dis- 
assembly and provides a flange between body and 
bonnet. 


2. INCREASED BODY CAPACITY is made possible 
by a new design permitting an increase in size of 
body ports. For instance, the port area of the 3’’ 
body has been increased approximately 70% over 
that of the conventional globe forged steel body. 
This removes the limitations heretofore applying 
to the allowable maximum trim size, permits the 
maintenance of flow characteristics throughout 
the range of flow and reduces flow disturbance. 


3. FORGED STEEL, used in both the body and 
bonnet, provides a dense homogeneous grain 
structure which is tougher than cast steel and 
eliminates porosity. 

4. ELIMINATION OF BLINDHEAD FLANGE for sim- 
plicity of construction. 


























SERVICE—Recommended for use on steam, water, 
gas, general refinery and chemical applications. 


STANDARD SPECIFICATIONS—Furnished with 3’ 
and 1” tops and an ASA rating of 600 Ib. 
Air-fin bonnet recommended when flowing 
temperatures exceed 450°F. 


TRIM—Trim sizes are "’, 7", %&"", 14’ and 
34’; and all sizes are interchangeable. Pis- 
ton, seat ring, stem and stuffing box parts 
are (18-8) stainless steel. 





















MASON-NEILAN REGULATOR COMPANY 
1190 Adams Street, Boston 24, Mass., U.S.A. 


Type No. 37 ; ; ; : 

i cl New York Philadelphia Pittsburgh Cleveland Chicago Tulsa 
Air-to-Close Atlanta St. Louis Houston Los Angeles San Francisco 
Mason Regulator Co. of Canada, Ltd., Montreal, Canada 
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JOHNNY GEAR 
A CONVERT 








In the past year, Johnny Gear and 
the entire Diefendorf establishment 
have been hard at the job of pro- 
ducing gears for industry. Many 


Metals, in which he was the E. D. Campbell Memorial 
Lecturer of 1942. 

Born in Tallahassee, Fla., in 1897, Dr. Chipman was 
educated at Central High School in Pascagoula, Miss., 
and the University of the South, which he entered in 
1914. Interrupting his college career for war service, 
he was first a private and then a second lieutenant of 
Field Artillery and returned to the university in 1919 
to complete the requirements for the degree of bachelor 
of science in 1920. He then took a position as a teaching 
assistant in chemistry in the State University of Iowa 
and at the same time carried on graduate work leading 
to the degree of master of science in 1922. 

In 1922 Dr. Chipman was appointed assistant professor 
of chemistry in Illinois Wesleyan University, a post 
which he relinquished to become a teaching fellow at the 
University of California, which awarded him the degree 
of doctor of philosophy in 1926. In that year he accepted 
the post of assistant professor of chemistry in the Georgia 
School of Technology, where he remained until 1929, then 
becoming a research engineer on the staff of the Univer- 
sity of Michigan. In 1940 Dr. Chipman was awarded the 
honorary degree of doctor of science by the University 
of the South. 








hard jobs of reconversion have 
been’ made easier by Diefendorf 
“know-how” in the design 
and making of gears.and 









geor mechanisms. 


Diefendorf Gear Corp. 


D. W. Diefendorf '30, President 








Syracuse, New York 
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ie S International Relations 
Fame TLY destined for round numbers, the 250th 
meeting of the Alumni Council in Walker Memorial 
on April 29 was attended by an even 100 members and 
guests. In the absence of President A. Warren Norton, 
21, the meeting was called to order by Vice-president 
Alfred T. Glassett, ’20. Gordon Hearn was introduced as 
the graduate student guest of the Council, after which the 
meeting proceeded with the customary reports. 
The following committee nominations were submitted 
by the executive committee and were elected by the 
Council, the terms of all persons elected to begin July 1: 


i » I. W - C 0 A X | A L C A b L E S Assemblies: John T. Rule, ’21, chairman, Raymond D. 


Leonard, ’27, Bror J. Grondal, ’31, Robert C. Casselman, 


TRADE MARK CQ-X 39, Franklin E. Penn,’40, and Edward A. Beaupre, °41, 


all re-elected for one year; Audit and Budget: William A. 



































B. I. W. offers a complete range of types and sizes of Ready, °13, re-elected for a three-year term; Historical 
coaxial cable for high frequency applications: Collections: Arthur L. Townsend, 713, re-elected for seven 
— Small flexible, low capacity (5 to 10 uuf/ft.) for years; Honorary Members: Percy R. Ziegler, ’00, elected 
internal wiring, patch cords, etc. for three years, and J. D. Crosby, ’21, re-elected for a 
— Coaxial and Twin-axial weatherproof cables for three-year term; Increased Activities of Alumni Council: 
antenna lead-in and other outdoor uses. C. George Dandrow, ’22 (as second vice-president of the 
—Flexible standard synthetic insulated cables for Alumni Association), elected for one year; Nominations 


electronic apparatus. for Advisory Councils: Richard S. Morse, ’33, elected for a 
five-year term; Nominating Commitiee for Departmental 
Visiting Committees: Ernest C. Crocker, ’14, and Herman 
J. Shea, 33, elected for three-year terms; Committee to 
Nominate Representatives of Local Associations: Parke 
D. Appel, ’22, re-elected, and A. Robert Tonon, ’22, 


— Heavy duty, high power, flexible or semi-rigid 
transmission line. 


All of the above can be supplied with special fittings 
and junctions for connections to panels or rigid lines. 


BOSTON INSULATED elected, each for three-year terms. 
WIRE AND CABLE COMPANY Edward A. Barrier, ’05, chairman of the committee on 
war record, reported that serious consideration had been 
BOSTON 25, MASSACHUSETTS given to a war record for World War II. The Committee 
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Twenty-six years’ service! Initial installation in 1918... interior “thermostats” replaced in 1944! That’s the 
record of Webster Thermostatic Traps in the office building of the Chase Brass & Copper Co., Waterbury, Conn. 


Long Service 
from Webster Traps 


The quarter-century plus record of 
Webster Traps cited above is not an 
isolated instance. In our files are many 
other records of ten... fifteen. 
twenty years and more... varying 
with service conditions, pressure, 
local water and quality of operating 
standards. 


Webster Radiator Traps are built to 
give extra years of service — design, 
quality materials, precision manufac- 
ture and careful inspection are the 


“reasons why”. 


Traps at lower first cost do not mean 
a saving. Actual cost is determined by 
length of service... And Webster 
Traps are outstanding for years of 
service per dollar. 


There’s no waste of “live” steam 
because Webster Radiator Traps hold 
p 


steam in the radiator till it has given 
up all its useful heat. They do not 
open too soon, allowing uncondensed 
steam to escape into the returns. Nor 
do they close too soon, holding up 
condensate. Webster Radiator Traps 
mean quick, continuous and complete 
discharge of air and condensation. 


If your radiator traps need replace- 
ment, get the longest-lasting trap avail- 
able. For full information on Webster 
Traps, consult the nearest Webster 


Representative. Or write us direct. 
H. F. MARSHALL "19 

WARREN WEBSTER & CO., Camden, N. J. 

Pioneers of the Vacuum System of Steam Heating 

Representatives in principal cities : : Darling Bros., Led., Montreal 
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recommended that a separate section be printed in the 
next issue of the Register of Former Students in which 
would appear alphabetically the names of all Alumni who 
were in the service during the war. Information giving the 
name, class, rank, branch of service, date of entry, date 
of discharge, and decorations would be included. Alumni 
who died in the service would be so designated. The report 
of this committee was adopted. 

George Warren Smith, ’26, presented a report of the 
committee on.resolutions for the late Winthrop Cole, ’87, 
which was adopted by rising vote. 

David G. Black, Jr., President of the senior class and 
President of the Institute Committee, told of the prob- 
lems of that committee in the reconversion period. Work 
of the committee is often being done by students in the 
younger classes as a result of lack of seasoned students. 
It is felt that the situation will assume more normal con- 
dition when the new term starts in the fall. 

James R. Killian, Jr., ’26, reported latest activities of 
the M.I.T. Administration. The budget for the coming 
year totals about $6,000,000, the wartime penthouse atop 
Building 6 is being torn down, and new appointments, re- 
corded elsewhere in this issue, were announced, as was 
also the Medal for Merit recently conferred upon Presi- 
dent Compton. 

Vice-president Glassett then introduced Norman J. 
Padelford, Professor of International Relations, who 
spoke on “International Relations in a Technological 
Age.” After establishing the status of political scientists, 
Professor Padelford outlined the aims and objectives of 
the course in international relations at the Institute. The 
course is based on the recognition that engineers and 
scientists will necessarily assume greater responsibilities 
in national and international problems because tech- 

nology affects our daily lives in increasing measure. After 
enumerating the objectives of the course, Professor 
Padelford discussed certain current international prob- 
lems, using as background material his experience at 
Dumbarton Oaks and the United Nations Conference at 
San Francisco. ‘ 

Comparing the task of peacemaking today with similar 
tasks following previous wars serves to illustrate that 
the task is much more difficult because it is now world- 





wide; it is also a time-consuming process with final peace 
being approached in: successive stages, each offwhich 
helps pave the way for the next step. The final step — 
that of enforcing peace — may still be several years in the 
future. Many problems which arose after World War I 
are being avoided by a slow approach to peace. 


Admissions 


PPLICATIONS for admission to the Institute far 
exceed facilities that will be available, even under 
the program calling for 50 per cent expansion in enroll- 
ment which has been recently put into effect to meet the 
heavy demand for engineering training. In admitting 
students to the Institute, first preference is given to 
former Institute students in good standing whose courses 
were interrupted by war service. It is expected that all 
such returning students can be accommodated. 

For undergraduate work in the schools of science and 
engineering no more applications can be accepted from 
applicants who have done work of college grade elsewhere 
which would entitle them to advanced credit at the In- 
stitute. In nearly all such cases, students can return to 
the educational institution where their work was pre- 
viously taken. On May 15 it became necessary to close 
all applications for the class to enter in September. 

It is to be regretted, of course, that these steps, which 
have been made necessary by the large number of ap- 
plicants, make it impossible for the Institute to admit 
many promising students who would otherwise be ac- 
ceptable. The Admissions Office has received many let- 
ters from Alumni on behalf of applicants, often of ex- 
cellent qualifications, who could not be admitted. This 
announcement is published so that all Alumni may be in- 
formed of the situation and will not feel that particular 
candidates, in whom they may be interested, are being 
discriminated against by a ruling which is being applied 
generally in order to be fair to all. 


Training in Civil Engineering 


HE Visiting Committee on the Department of Civil 

and Sanitary Engineering * held well-attended meet- 

ings at the Institute on December 3 and 4 and at the 
(Continued on page 514) 

* Members of the Committee for 1945-1946 are: Thomas C. Des- 

mond, ’09, chairman, E. Sherman Chase, ’06, Walter D. Binger, °16, 

H. W. McCurdy, ’22, William H. Mueser, '22, and Beauchamp E. 


Smith. 
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Is A “Line Of Credit” 
Part Of Your Business Equipment? 


Advance knowledge of where and on what terms you can 
borrow money, if necessary, is a valuable piece of equip- 
ment for any business. Additional working capital, quickly 
available, may well enable you to make greater profits 
through cutting costs, or through taking advantage of favor- 


able market conditions. 


This is why we urge our business customers to consult 
with us freely about all their financial problems, even if they 
have no immediate need for a commercial loan. Won't you 
discuss possible credit needs with us—in advance—so that 
when occasion arises we shall be better able to give you 


quick, efficient service. 


She 
New England Trust Company 


135 DEVONSHIRE STREET 
At the Corner of Milk Street 


BACK BAY BRANCH :: 99 NEWBURY STREET 





BOSTON, MASS. 


COMMERCIAL BANKING 
SINCE 1871 


Member Federal Deposit Insurance Corporation 
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Here are valuable facts on actual 
applications of DRY ICE and 
COz for every potential user of 
these vital materials —summarized from a recent Liquid 
survey. All applications listed are in practical use... Many 
of the wartime functions of DRY ICE and COz have peace- 
time counterparts—perhaps in your industry. 

Use this chart as a check-list for possible applications 
to your processes or problems... DRY ICE and COz serve 
industry in many important ways including chilling lubri- 
cants, shrinking metals, packaging foods, processing oil, 
controlling paint quality, etc. 

_ Ask for your copy of this free chart today... You'll find it belpful 
in many ways. 
































"SLiguid Carbonic.Corporation 


3110 South Kedzie Avenue, Chicago 23, Illinois 
Branches in Principal Cities of the United States and Canada 








J. C. CORRIGAN CO. 


Conveyers 










Engineers ¢ Manufacturers ¢ Erectors 
Coal Handling Systems 
Materials Handling Equipment 
Distributors for 
Jeffrey Manufacturing Co. 
Jeffrey Parts Carried in Boston Stock 


41 Norwood Street, Boston, Mass. 
Tel. GENeva 0800 
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Union League Club in New York City on January 26. 

On December 3 the morning was spent in conference 
with Professor John B. Wilbur, ’26, Acting Head of the 
Department, and the afternoon was devoted to an in- 
spection of Department facilities. The morning of De- 
cember 4 was spent in discussion with staff members of 
the Department. A luncheon at the Smith House was at- 
tended by the staff of the Department, the members of 
the Committee, James R. Killian, Jr., 26, Vice-president 
of the Institute, Edward L. Moreland ’07, Dean of En- 
gineering, Professor Edwin R. Gilliland, ’33, and Robert 
M. Kimball, ’33, administrative assistant to President 
Compton. At the meetings at the Union League Club 
the Committee’s report was prepared and adopted. 

Undergraduate enrollment in the Department suffered 
a serious decline between World Wars [ and IT. In Civil En- 
gineering there was an almost linear decline of from 71 
bachelor of science degrees awarded (average of 1921- 
1925) to 20 (average of 1936-1940). Undergraduate en- 
rollment in Sanitary Engineering during this period was 
small, leading to the recent elimination of a separate 
undergraduate course in that field. 

During the same period, graduate enrollment in Civil 
Engineering was increasing. Before World War I there 
were 30 to 35 graduate students, and this number held 
remarkably during the recent conflict. Graduate registra- 
tion in Sanitary Engineering was small, but with the 
recent expansion of staff and laboratories in that field 
there is already some indication of increased student 
interest. 

The increase in the number of undergraduate students 
in Course I is a problem of major importance, but the 
staff believes, and the Committee concurs, that it is 
equally important to control carefully the caliber of these 
students. For the present, a group of 30 good students in 
each undergraduate class appears to be a desirable goal. 
The maintenance of the present graduate enrollment in 
Civil Engineering and an increase in the graduate enroll- 
ment in Sanitary Engineering to a figure of 12 to 16 
students are other definite goals. 

Among the important factors that have contributed to 
the decline of undergraduate enrollment in Civil Engineer- 

(Continued on page 516) 
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ing are the following: the depression in the private con- 
struction industry during the past 15 years; the develop- 
ment of new and more specialized fields that have a more 
“‘glamorous” appeal to young men; the initiation of new 
professional courses at M.I.T.; and the relatively high 
tuition at the Institute. 

There are, however, strong indications that better times 
are ahead for the civil engineering profession. Private 
construction of buildings, roads, airports, and stationary 
structures of almost every type promises to be extremely 
active over a period of an extended nature. The supply of 
young, well-trained civil engineers to meet such new 
needs is comparatively small because for many years the 
number of young men, the country over, who have en- 
tered this field has been limited, and many of those who 
graduated in civil engineering during the depression went 
into other lines of endeavor. Better employment prospects 
for civil engineers appear to be extremely likely. In 
due time this situation will be reflected in an increasing 
number of young men wishing to enter the profession. 
Moreover, it is probable that there will be a temporary 
increase in students as a result of returning veterans. In 
the field of sanitary engineering there is evidence of a 
substantial public interest in the proper disposal of in- 
dustrial wastes and in waterway sanitation. Further, 
there is a great need for sanitary engineers in many 
countries now deficient in sanitation facilities. 

Such prospects encourage the Committee to recom- 
mend an aggressive and comprehensive program to build 
up the Department in accordance with the anticipated 
postwar expansion of the civil engineering profession. 

The Institute must offer courses in civil and sanitary 
engineering that cannot be surpassed by those of other 
schools. If the education offered at M.I.T. is clearly 
equal or superior to the best otherwise available, the 
Committee believes that high tuition will be no barrier 
to good men, especially in view of the Institute’s re- 
sources for student aid. 

Such a program involves a first-class staff of teachers 
with capacity for professional growth and the vigor to 
meet problems squarely. It needs the best laboratories 
for educational and research purposes. It needs a curric- 
ulum designed to benefit selected students, one that places 
emphasis on the fundamentals of applied science rather 
than on vocational subjects, that does not permit too 
much specialization in undergraduate work, and that 
recognizes responsibility in aiding students to develop 
their personal as well as their academic qualities. 

The Committee appreciates the fact that it has been 
necessary to close the Technology summer camp in recent 
years because of war conditions but urges that it be re- 
established as soon as possible. 

The Committee recommends the following five steps 
toward the culmination of the envisioned goal: 

1. In fostering the construction of a new hydraulics 
laboratory at as early a date as is feasible, Technology 
will perform a service of national importance. The initial 
development (including a naval towing tank) should be 
housed in a building 75 feet by 160 feet. If sufficient funds 
(Concluded on page 518) 
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for the initial development are not immediately available, 
it seems better to proceed at this time on a limited basis 
by building the laboratory so that it is adaptable to 
future expansion, rather than to postpone construction 
for an indefinite period while a larger sum is sought. 

The Department of Naval Architecture and Marine 
Engineering will be especially concerned with the towing 
tank to be included in the new hydraulics laboratory, and 
students from other Departments will also use the general 
facilities of the laboratory. 

2, The early completion of the Sedgwick Laboratories 
of Sanitary Science is urged, thus giving full backing to 
the Institute’s new program in sanitary engineering, which 
is potentially capable of achieving national distinction. 

3. Research in the cement and concrete laboratory of 
this Department should be resumed at an early date. By 
offering opportunities for student research, the reinitia- 
tion of this activity will complement the teaching of the 
design of reinforced concrete structures in the Depart- 
ment. Moreover, fundamental research in cement and 
concrete by properly qualified staff members will be of 
importance in bringing the Department to the front as an 
educational and research unit of the Institute. 

4. The establishment of a photogrammetry laboratory 
is necessary to keep in progress with the growth of aerial 
surveying methods as a result of the recent war. It will 
assist in the instruction of both undergraduate and 
graduate courses in surveying. 

5. Every effort should be extended toward establish- 
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ing relations with the United States Service Schools which 

will lead to the sending of outstanding graduates of those- 
schools to the Institute for graduate study in civil and 
sanitary engineering. All branches of the service should 
supply sanitary engineering students. The need for ade- 
quately trained sanitary engineering officers has been 
thoroughly demonstrated in the recent war. 

The Committee also gave consideration to certain over- 
lappings that occur between subjects taught by this De- 
partment and by other Departments. As an example, the 
teaching of hydraulics as a service course for other De- 
partments was-formerly carried out as one of the impor- 
tant functions of the Department. In recent years, much 
of this activity has been discontinued because of the 
teaching of fluid mechanics in other Departments. It is 
hoped that as the strengthening of the Department con- 
tinues, arrangements can be worked out that will permit 
a return of the teaching of hydraulics and fluid mechanics 
to the Department. 

Consideration might well be given to ways whereby the 
resources of other Departments of the Institute could be 
drawn upon. For example, the Department of Chemical 
Engineering might provide a general lecture course in 
industrial engineering for the graduate students in 
Sanitary Engineering. Such a course would be of real 
value to sanitary engineers who are likely to be faced with 
problems involving industrial wastes. 

It seems to the Committee that the main objective of 
undergraduate courses in civil and sanitary engineering 
is educational. Research, essential as it is in the field 
of pure science and at the graduate level, should not be 
stressed unduly at the expense of thorough training of 
undergraduates in the fundamentals of science and tech- 
nology. 
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Prescott V. Keuty °18, Brown-Marx Company, Brown-Marx 
Building, Birmingham 3 
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Lesure A. Jackson "19, Manager Little Rock Municipal Water 
System, Little Rock 
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A. B. Court ’10, Russ Building, 285 Montgomery Street, San 
Francisco 
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Witu1am E. Huacer ’22, 11 Marietta Street, N.W., Atlanta 1 
ILLINOIS 
Epwarp F. Assort, Jr. ’31, Birtman Electric Company, 4140 
West Fullerton Parkway, Chicago 


INDIANA 
Frank C. Bake °14, Balke and Krauss Company, 427 West 
Market Street, Indianapolis 
KANSAS 
Frep C. Kocn ’22, Winkler-Koch Engineering Co., 385 West 
Lewis Street, Wichita 
KENTUCKY 
Tinstey W. Rucker III ’$1, The Crescent Panel Company, 32d 
and Market Streets, Louisville 12 
LOUISIANA 
Tueopore O. Horarp '12, 221 Pelican Avenue, New Orleans 14 
MAINE 
Franx A. Knicut ’88, Eastern Corporation, Bangor 
Lewrs D. Nisser ’09, 44 Montrose Avenue, Portland 
MARYLAND 
Grorce W. Spavutpine ’21, 1605 Lexington Building, Baltimore 1 
MASSACHUSETTS 
Rosert F. Burnett "10, 85 North Main Street, Fall River 
A. Russe. Prerce, Jr. $1, Palmer Scott Boatyard, New Bedford 
Lynn WETHERILL '25, High Voltage Bushing Engineering Division, 
General Electric Company, 100 Woodlawn Avenue, Pittsfield 
Apert D. Kine ’82, De Bell and Richardson, 3 Post Office Alley, 
Springfield 
Wituiam Wiper 98, 4 Dayton Place, Worcester 
MICHIGAN 
Auiynge C, Lircurietp '17, U. S. Rubber Company, 6600 East 
Jefferson Avenue, Detroit $2 
MINNESOTA 
LELAND CiappPErR 09, 5600 London Road, Duluth 
Cartes W. Drew °19, Minneapolis-Honeywell Regulator Com- 
pany, Minneapolis 
MISSOURI 
Harry L. Havens ’09, Havens Structural Steel Company, 1713 
Crystal, Kansas City 
Wesiay W. Wepemerer '30, Wedemeyer and Hecker, Architects, 
$19 North Fourth Street, St. Louis 2 
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MONTANA 
Watrer R. C. Russert '18, Anaconda Copper Company, Butte 


NEBRASKA 
Louis A. Merz ’28, Ceco Steel Products Co., 1141 North 11th 
Street, Omaha 


NEW HAMPSHIRE 
Cart A. Hatt 08, Hall Bros. Company, Concord 


NEW JERSEY 
— A. Cuutter ’21, 109 Central Avenue, Glen Rock (Newark 
area 


NEW YORK 

ANpREWw F. ALLEN '12, State Department of Health, Albany 

Tuomas H. Spetter *29, General Engineering Company, 785 
Hertel Avenue, Buffalo 7 

Joun C. Fruir ’02, Equitable Life Insurance Society of U. S., 
$98 7th Avenue, New York 1 

Rayrmonp G. Brown 16, Comstock and Westcott Inc., Nia Falls 

C. Kine Crorron 22, 1132 Lincoln-Alliance Bank Building, 
Rochester 

Turron C. Jonnson ’38, General Electric Company, 1 River Road, 
Schenectady 5 

J. Murray Hastines '18, 606 Hills Building, Syracuse 


OHIO 

James B. Houpen ’30, 276 Sundale Road, Akron 

Kenneta A. Waicat "19, Johnson Service Company, 1905 Dunlap 
Street, Cincinnati 14 

Cuartes B. Rowuer "12, Charles Bacon Rowley and Associates, 
Keith Building, Cleveland 

James H. Buiopgerr ’20, Superintendent, Division of Sewage 
Treatment, Columbus 

Euveens Herzoe 27, 26 Cliff Street, Dayton 

Cuaruton P. Wuittier ’27, Owens-Illinois Glass Company, P. O. 
Box 1035, Toledo 1 


OKLAHOMA 
W. J. Suerry ’21, 804 Kennedy Building, Tulsa 


OREGON 
Rosert E. Cusuman ’06, 618 N. W., Front Street, Portland 9 


PENNSYLVANIA 

Percy Tinison ’06, 3003 North Front Street, Harrisburg 

Epwarp J. Hear ’23, Philadelphia Brewing Company, 6th and 
Clearfield Streets, Philadelphia 33 

Harotp L. Lane ’09, Carnegie Institute of Technology, 
Pittsburgh 13 

G. C. Witson '15, 907 East King Street, Lancaster 

Louis Morse ’96, York Corporation, Roosevelt Avenue, York 


RHODE ISLAND 
Donatp G. Rossins '07, c/o International Braid Company, 
47 Charles Street, Providence 


TENNESSEE 
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